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ABSTRACT 
 
 In the educational literature, various attempts have been made to understand the 
complexities of learning and cognitive processing in web-based environments. There have been 
studies to examine the relationship between multimedia and cognitive processing and other 
studies have examined the relationship between students’ learning beliefs (i.e. naive or 
sophisticated) and cognitive processing. However, relatively few studies have explored 
multimedia types (i.e. text, audio, or video) as moderators/mediators to the relationship between 
students’ learning beliefs on the impact on cognitive load (i.e. intrinsic, extraneous, and 
germane). In this dissertation, the researcher has proposed and evaluated models for the potential 
relationships between learning beliefs, multimedia types, and their impact on cognitive load. 
Specifically, the models were to determine if multimedia moderated or mediated the relationship 
between students’ learning beliefs and the impact on cognitive load. 
 A total of 346 students, who attended a general education undergraduate food science and 
human nutrition course that included an asynchronous component, completed an instrument 
designed to assess learning beliefs and their demographics. Based upon students’ demographic 
information, they were randomly placed into one of three multimedia groups to view the food 
science lecture materials, Group 1 (text + graphics) - 118 students, Group 2 (audio + text + 
graphics) - 113 students, and Group 3 (video + audio + text + graphics) - 115 students. Within 
each group, students completed pre-tests associated with course materials, they viewed four food 
science lecture materials, took post-tests, and then they completed the Leppink and colleagues’ 
(2013) Cognitive Load Instrument. The multimedia groups were not rearranged if a student did 
not complete all the aspects of the study. Thus, depending upon the food science lecture material, 
the total student population differed from 303 students (lecture 12 food science lecture material) 
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to 267 students (lecture 28 material). As the student population differed, data from each of these 
lecture materials were analyzed separately. Multiple-linear regression analyses were conducted 
to determine the role of multimedia types (i.e. moderation and/or mediation) in the relationship 
between students’ learning beliefs and the impact on cognitive load. Results from the moderation 
analyses showed audio and video formats moderated the relationship between students’ learning 
beliefs (i.e. the certainty of knowledge and the speed of knowledge acquisition dimensions) and 
germane cognitive load; where sophisticated learning believers reported their understanding of 
the material was enhanced after reviewing the food science lecture materials in audio and video 
formats. There were no consistent results from the mediation analyses. The results from this 
study invite researchers to explore multimedia types, students’ characteristics (e.g. prior 
knowledge and learning beliefs), and the impact on germane cognitive load in further detail 
within various settings and using different methodologies to further understand students’ 
cognitive processing.  
Keywords: multimedia, learning beliefs, cognitive load 
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CHAPTER I: INTRODUCTION 
Multimedia is incorporated into courses in an attempt to improve student’s understanding 
of information (Mayer 2010, Medula 2012). Multimedia includes a combination of several 
content forms (e.g. text, audio, video) to deliver instructional content (Mayer 2010). However, 
incorporating multimedia into courses has several drawbacks. One such drawback is overusing 
multimedia into courses (i.e. adding too much multimedia to explain a concept). Another 
drawback is the inadequate design of the multimedia (i.e. adding in irrelevant graphics and 
animations) (Medula, 2012). A final drawback is not considering students’ characteristics such as 
their learning beliefs when designing and incorporating multimedia into the classroom. These 
particular drawbacks may hinder one’s ability to understand the information, thus contributing to 
unnecessary cognitive load.  
Cognitive load refers to the total amount of mental activity imposed on the working 
memory at a given time (Sweller, 1988; 2010). The design of multimedia can impose three types 
of cognitive load: intrinsic, extraneous, and germane (Mayer, 2010; Sweller, 1988; 2010). If the 
load imposed is due to the nature and complexity of the content to be learned, it is known as 
intrinsic cognitive load (ICL). Germane cognitive load (GCL) occurs when the load is imposed 
by instructional features that promote construction of new schemas and their automation, 
eliciting a positive effect on learning. Extraneous cognitive load (ECL) is produced by the 
manner in which the information is presented, in other words, the instructional design. While 
GCL supports student learning, ECL interferes with the formation of schemas (Leppink, Paas, 
Van der Vleuten, Van Gog, & Van Merriënboer, 2013), and thus, hinders student learning. One 
theory that can assist instructors and instructional designers in designing multimedia to reduce 
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ECL in hopes of improving student learning is Cognitive Theory of Multimedia Learning 
(CTML) (Mayer 2010). 
Cognitive Theory of Multimedia Learning 
In 1997 Richard Mayer developed CTML (Mayer, 2010). Mayer’s CTML suggests that 
students can only process a certain amount of information at one time and is based on three 
assumptions: dual channels, limited capacity, and active processing (Mayer, 2010). The dual 
channel assumption proposes that students have separate channels for processing verbal and 
visual material. The second assumption, limited capacity, proposes that students can process only 
a few elements in each channel at any one time (Mayer & Moreno, 2003). The final assumption, 
active processing, proposes that meaningful learning occurs when students engage in appropriate 
cognitive processing during learning, including attending to relevant material, mentally 
organizing it into a coherent cognitive representation, and integrating it with prior knowledge 
activated from long term memory (Mayer, 2010).  
Mayer’s theory focuses specifically on how multimedia-based instruction can reduce 
ECL to improve learning. He proposes nine methods to guide instructional multimedia design. 
These methods are off-loading, segmenting, pre-training, weeding, signaling, aligning, 
eliminating redundancy, synchronizing, and individualizing. For example, the off-loading 
method claims students better comprehend information when they view animation enriched with 
audio than from animation enriched with printed text (Mayer 2010; Mayer & Moreno, 2003). 
When applied correctly, these methods should reduce ECL and promote GCL, maximizing the 
use of cognitive processing (Aldalalah, 2012; Ayers, 2013; Chen, 2012; Florax & Ploetzner, 
2010; Ibrahim, Antonenko, Greenwood, & Wheeler, 2012; Mayer, 2010; Rusanganwa, 2013; 
Sung & Mayer, 2013). In practice applying all of these methods to design materials is not a 
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simple task. For instance, when developing instructional materials for asynchronous learning in 
the classroom, instructors must consider factors such as the type of multimedia (audio, text, 
video or a combination of multimedia) to use, course objectives, course content, complexity of 
content, length of display, electronic venue or device, and the students’ characteristics (e.g., prior 
knowledge and learning beliefs) (Fink, 2007; Mayer, 2010; Schommer, 1990; Smith & Ragan, 
2005). Mayer’s theory incorporates all of the above factors mentioned through the proposed nine 
methods, but neglects to consider the impact students’ learning beliefs have on cognitive load.  
Learning Beliefs 
Students’ beliefs about the nature of knowledge and learning encompass learning beliefs 
(Schommer-Aikins, Duell, & Barker, 2003, p. 347). Schommer (1990) suggests learning beliefs 
are not inborn, but evolve with time and can be linked to their academic performance. Based on 
her theory, she created an epistemic framework that comprises five dimensions: structure of 
knowledge (how one believes knowledge exists, simple versus complex), certainty of knowledge 
(the confidence one has about obtaining concepts, certain versus tentative), the source of 
knowledge (how one obtains their knowledge, omniscient authority versus personal authority), 
control of knowledge acquisition (the belief one has about being able to govern intelligence, 
innate ability versus malleable ability) and speed of knowledge acquisition (the belief one has 
about the time to obtain knowledge, quick learning versus gradual learning). These five 
dimensions can be further categorized into either naive or sophisticated learning beliefs. If one 
has naive learning beliefs, they have a simplistic way of viewing learning. On the other hand, if 
one has sophisticated learning beliefs, they have a mature way of viewing learning. In other 
words, learning is a continuum from naive views to more sophisticated views (Oh & Jonassen, 
2006; Schommer, 1990; Schraw et al., 2002). It is important to note that a student does not have 
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to be naive or sophisticated in all five dimensions as each dimension is independent of one 
another. For instance, a student holds naive learning beliefs in the dimensions structure of 
knowledge (simple knowledge) and speed of knowledge acquisition (quick learning), yet holds 
sophisticated learning beliefs in the dimensions certainty of knowledge (tentative knowledge), 
source of knowledge (personal authority), and control of knowledge acquisition (malleable 
ability) (Oh & Jonassen, 2006; Schommer, 1990; Schraw, Bendixen, & Dunkle, 2002).  
Based on Schommer’s framework, educational researchers developed instruments to 
determine how particular learning belief dimensions can impact learning (Schommer, 1990; 
Schommer-Aikins, 2002; Schraw et al., 2002).One such instrument is Schraw and colleagues’ 
(2002) Epistemic Belief Inventory (EBI).  By the use of this instrument, researchers have been 
able to demonstrate that learning beliefs have an impact on cognitive processing (Ayatollahi, 
Rasekh, & Tavakoli, 2012; Barnard, Lan, Crooks, & Paton, 2008; Chan, Ho, & Ku, 2011; Lin, 
2002; Mohamed & El-Habbal, 2013; Scheiter, Gerjets, Vollman, & Catrambone, 2009). 
Researchers contend adequate design of multimedia in course materials and students’ 
learning beliefs should impact one’s cognitive processing, but measuring cognitive processing 
may at times be limited to students’ performance on tests and exams. For example, instructors 
may assume their course design with multimedia is effective as long as a large proportion of 
students obtain high grades regardless of the students’ learning beliefs. However, the sole use of 
this performance output might be misleading, and be limited in its ability to pinpoint the key 
instructional features that were most effective in promotion of GCL and reduction in ECL. Other 
studies have measured cognitive processing by performance on tests and/or exams and cognitive 
load. Yet, these studies were unable to determine the specific cognitive load type affected by 
multimedia and learning beliefs (Lin, 2002; DeLeeuw & Mayer, 2008; Leppink et al., 2013). To 
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address this issue, Leppink and colleagues (2013) created an instrument, Cognitive Load 
Instrument, to measure the three types of cognitive load. The instrument consists of ten 
statements in which three relate to ICL, three relate to ECL, and four relate to GCL. By utilizing 
this instrument, it will help determine a student’s cognitive load impacted by multimedia and 
his/her learning beliefs. Furthermore, this information will be able to assist instructional 
designers create material to optimize cognitive load, which will lead to higher cognitive 
processing.  
Statement of the Problem 
With the advent of online education and the use of hybrid class delivery options (i.e. face 
to face and online), designing class materials that incorporate multimedia constitutes a critical 
component for course development, which can directly impact student learning, dropout rates, 
and overall class dynamics. Similarly as in the traditional face to face setting, instructors and 
instructional designers create online multimedia materials in a way to reduce students’ 
extraneous cognitive load (ECL), and thus, facilitate the formation of effective schemas to 
understand the content. To ensure the multimedia used in these courses is designed properly, 
many instructors and instructional designers use the Cognitive Theory of Multimedia Learning 
(CTML) methods proposed by Mayer (Mayer & Moreno, 2003; Mayer, 2010). Additionally, they 
may consider a variety of factors when designing multimedia including students’ learning 
beliefs. Nevertheless, limited evidence and tools exist to help identify student’s cognitive 
processing abilities, especially in general education courses that incorporate online asynchronous 
components. For example, CTML methods do not consider the student’s intrinsic learning 
characteristics. Furthermore, the CTML mostly focuses on reducing ECL, however, new 
evidence has shown that enhancing germane load may be as efficacious as promoting schema 
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formation as reducing ECL(Leppink et al., 2013). As it is known that students’ learning 
characteristics can predispose their cognitive processing, it is plausible to consider the potential 
role of multimedia to moderate or mediate this relationship; and more so within the online 
environment, where these associations are compromised within a learning environment plagued 
with other multimedia signals (e.g. radio, TV, internet, tweets, emails, etc.).  
The paucity of research exploring multimedia types as moderators/mediators to the 
relationship between students’ learning beliefs and their relative impact on cognitive load within 
asynchronous environments may be due, in part, to inconsistent developments within the relevant 
literature. For example, studies that have designed multimedia based upon Mayer’s CTML 
methods have been inconclusive in clearly showing the effect of multimedia on cognitive 
processing. These studies tended to measure students’ cognitive processing as a result of their 
performance on pre/post-tests, time to complete the tasks, and the amount of perceived mental 
effort after exposure to the information. Rarely these studies included measurement tools that 
assess the specific type of cognitive load impacted. Additionally, these studies were conducted in 
a controlled online environment, where the participants come from homogenous backgrounds or 
from a particular major (e.g. psychology or chemistry) (Ayers, 2013; Rusanganwa, 2013; Sung 
& Mayer, 2013).  
The literature on learning beliefs shifts depending on the setting and methods used to 
study their role in cognitive processing, and more so when identifying which, if any, of the 
learning belief dimensions support or hinder this role. For instance, Lin (2002) reported that 
students’ learning belief dimensions did not matter as much as the multimedia used when 
explaining the effects on mental effort. On the other hand, Scheiter and colleagues (2009) 
reported that students with naive learning beliefs in particular dimensions, in comparison to those 
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with sophisticated beliefs, had higher mental effort to understand the information and performed 
poorly on the exams. As with multimedia related studies, many of the learning belief studies 
were conducted in controlled settings and involved participants from particular majors 
(Ayatollahi et al., 2012; Mohamed & El-Habbal, 2013).  
 In summary, understanding the role of multimedia in the relationship between students’ 
learning characteristics and their effect on specific types of cognitive load will build on the 
current knowledge regarding strategies to maximize students’ cognitive processing, and thus, 
strengthen one’s capacity to better design and use multimedia in the online setting.   
Purpose of Study 
Based on existing literature with respect to multimedia, learning beliefs, and cognitive 
load, the purpose of this study is to use quantitative methods to determine whether multimedia 
types are moderators/ mediators to the relationship between students’ learning beliefs and their 
impact on cognitive load in a college general education course with an asynchronous component. 
The study target population is undergraduate students and the setting is a non-controlled 
environment, where the information is delivered within an applied science course, which 
combines face to face classes with supporting materials posted in an online platform. The study 
will focus on these online materials, placed in the asynchronous portion of the course, as most 
studies have ignored the role of these supporting materials and their subsequent impact on 
cognitive load. A general education applied science course is chosen as past studies tended to 
focus on general education courses in other science based courses such as biology, chemistry, 
mathematics, psychology, and physics. Considering limited studies have considered multimedia 
types as moderators and/or mediators, results from this study extend the literature in regards to 
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specific factors (i.e. multimedia and/or students’ learning beliefs) having an impact on  cognitive 
load which contributes to students’ cognitive processing. 
Research Questions 
 To determine the relationship among multimedia types as moderators/mediators to the 
relationship between college students’ learning beliefs and the impact on cognitive load, the 
study explores the following questions:  
1) Which multimedia types moderate the relationship between learning beliefs and the 
impact on cognitive load?  
2) Which multimedia types mediate the relationship between learning beliefs and the impact 
on cognitive load? 
 To better illustrate the two research questions, two graphical scenarios are presented in 
figure 1. The first scenario indicates the multimedia type(s) has an interaction effect with 
students’ learning beliefs, thus changes the magnitude or the direction of students’ cognitive 
loads (Baron & Kenny, 1986; Hayes, 2014; Judd & Kenny, 2010). The second scenario indicates 
students’ learning beliefs influence multimedia types that in effect influence students’ cognitive 
loads. Essentially multimedia types clarify the relationship between students’ learning beliefs 
and cognitive loads. In other words, a mediating relationship occurs when the multimedia types 
direct the relationship between students’ learning beliefs and cognitive loads (Baron & Kenny, 
1986; Kenny & Judd, 2014). 
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Relevance  
 Understanding how one is able to cognitively process information is a complex area of 
study as many factors can modify this process, including among other things one’s motivations, 
prior knowledge, culture of prior education, interest in the information, predisposition to learn, 
and the manner the information is provided.  This study is significant as it examines more closely 
how learning beliefs and multimedia may impact cognitive load. The findings from this study 
will inform scholars and practitioners, who focus on higher education and online learning, to 
consider students’ learning beliefs when designing multimedia and, thus, improve cognitive 
processing, even for those materials deemed secondary or supporting. Additionally, there are two 
reasons the findings of this study will contribute to the field of Human Resource Development, 
especially for those who work in a virtual environment. First, this study focuses on designing 
materials in different multimedia types to determine the impact these types may have on 
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cognitive load. Second, this study focuses on the relationship between learning beliefs and 
multimedia types to determine the effect these have on cognitive load. The results from this 
study can assist instructional system designs provide information to virtual employees in a way 
that helps them understand information. In effect, these virtual employees will be able to apply 
this information to various aspects of their jobs to improve their performance. 
 
 11 
 
Definitions of the Terms 
1. Asynchronous online learning: instructor and students whose communications are 
separated by both distance and time, as in web-based courses (Roblyer et al., 2007) 
2. Learning beliefs: students’ beliefs about the nature of knowledge and learning 
(Schommer-Aikins et al., 2003) 
3. Multimedia: Presenting words and pictures that are intended to foster learning (Mayer & 
Moreno, 2003)  
4. Cognitive Load: relates to the capacity of working memory, which is equated with human 
consciousness (Sweller, 2010)  
5. Extraneous Cognitive Load: unnecessary strain on working memory forced by the 
ineffective presentation of instructional materials (Sweller, 2010)  
6. Germane Cognitive Load: contribute to the construction and automation of schemas 
(Sweller, 2010) 
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Assumptions of the Study 
1. Students enrolled in the course have prior knowledge of utilizing computers  
2. Students enrolled in the course have access to computers  
3. Students enrolled in the course have low prior knowledge to the content (have not taken 
this course previously or been exposed to the information previously)  
4. Students of the study may learn to adapt to asynchronous online learning environment 
regardless of their learning beliefs  
Limitations of the Study 
1. The proposed study takes part in an asynchronous course within a non-profit traditional 
(face to face) University; therefore the results do not provide depth and insight to all 
universities that utilize asynchronous online learning.  
2. The survey will be administered using Web ToolsTM Survey Builder, which is provided by 
University of Illinois, and thus the students can finish it at any time and at any place. This 
instead could bias the participants’ responses due to time availability and the 
circumstances in which the survey is being conducted. 
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CHAPTER II: LITERATURE REVIEW 
 The fundamental aim of this chapter is to provide a review of the literature in the areas of 
Mayer’s Cognitive Theory of Multimedia Learning (CMTL), instructional design of the 
multimedia types and content, learning beliefs based upon Schommer’s (1990) framework, and 
measuring cognitive load. The following questions will be explored in this study:  
1) Which multimedia types moderate the relationship between learning beliefs and the 
impact on cognitive load? 
2) Which multimedia types mediate the relationship between learning beliefs and the impact 
on cognitive load?  
 As multimedia continues to be integrated within courses, research has focused on the 
impact multimedia has on students’ cognitive processing. Examples include the evaluation of 
students’ success in technology enhanced environments and the relationship between multimedia 
and cognitive processing (Aldalalah, 2012; Ayers, 2013; Chen, 2012; Florax & Ploetzner, 2010; 
Ibrahim et al., 2012; Mayer, 2010; Rusanganwa, 2013; Sung & Mayer, 2013) and the role of 
learning beliefs and cognitive processing (Ayatollahi et al., 2012; Barnard et al., 2008; Chan et 
al., 2011; Lin, 2002; Mohamed & El-Habbal, 2013; Scheiter et al., 2009). No studies, however, 
have determined multimedia types to be moderators and/or mediators to the relationship between 
students’ learning beliefs and their potential impact, independent or synergistic, on cognitive 
load within a large general education undergraduate course with an asynchronous component.  
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Asynchronous Online Learning 
 
In general terms, online learning is considered “a wide range of programs that use the 
Internet to provide instructional materials and facilitate interactions between teachers and 
students” (US Department of Education, 2011, p. 8). In 2011, in both online and traditional 
institutions in the US, 6.7 million students were enrolled in some sort of online course (Allen & 
Seaman, 2013). Enrollment continues to increase in online courses because of its multiple 
advantages such as greater access and availability, convenience, and flexibility (Jerome- Pertilla, 
2008). In online learning, there are two primary methods to teach the subject matter: 
asynchronous and synchronous. An asynchronous online environment will be explored in further 
detail as the purpose of the study is to determine multimedia types as moderators/mediators to 
the relationship between learning beliefs and the impact on cognitive load in a general education 
course with an asynchronous component. 
In an asynchronous online environment, students are frequently expected to carry out 
much of their learning on their own, often separated in space and time from the instructor and 
other learners. An asynchronous online environment allows a minimum of two choices that 
traditional classroom-based instruction does not: where and when to study (Chang, 2010; 
Roblyer et al., 2007). In an asynchronous online environment, the role of the instructor is more 
of a facilitator than a lecturer. The instructor provides assistance to learners by communicating 
on a frequent basis through a number of sources such as e-mails, blogs, and discussion boards. 
The instructor also provides content designed by different types of multimedia (text, audio, 
and/or video) as a means for students to comprehend the course content (Hrastinski, 2008; 
Schellens & Valcke, 2005). Hrastinski (2008) conducted a study that observed students’ 
performance in asynchronous and synchronous courses. She found in the asynchronous course, 
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students engaged more deeply on the discussion boards and thus performed better in the course, 
whereas in the synchronous course, students spent little time discussing material, which resulted 
in poorer performance in the course. Based on these results, she concluded an asynchronous 
online environment contributes to higher cognitive processing, as students understood the 
content material. Furthermore, one could argue if a student is able to process information, 
materials are designed well, which optimizes cognitive load. 
 Cognitive load refers to the total amount of mental activity imposed on the working 
memory at a given time (Sweller, 1988; 2010). The design of multimedia can impose three types 
of cognitive load: intrinsic, extraneous, and germane (Mayer, 2010; Sweller, 1988; 2010). If the 
load imposed is due to the nature and complexity of the content to be learned, it is known as 
intrinsic cognitive load (ICL). Germane cognitive load (GCL) occurs when the load is imposed 
by instructional features that promote construction of new schemas and their automation, 
eliciting a positive effect on learning. Extraneous cognitive load (ECL) is produced by the 
manner in which the information is presented, in other words, the instructional design (Leppink 
et al., 2013). ICL is connected to the nature of the difficulty of material and cannot be 
manipulated by instructional design. The way to manipulate ICL is through changing the 
environment in which one learns or changing the act of learning (Paas, Tuovinen, Tabbers, & 
Van Gerven, 2003; Sweller, 1988; 2010). For instance, high ICL may be induced to novice 
students by a professor explaining about glycolysis pathway compared to the professor 
explaining about disaccharides to the same group of novice students. On the other hand, ECL 
and GCL can be manipulated by instructional design (Brüken, Plass, & Leutner, 2003). Many 
instructors and instructional designers will create material in a way to reduce ECL, but lead to an 
increase in GCL (Brüken et al., 2003; Mayer & Moreno, 2003; Pass et al., 2003; Sweller, 1988; 
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2010). As an example, a professor is explaining the glycolysis pathway to novice students. The 
professor shows one step of the glycolysis pathway at a time with minimal graphics and limited 
text in each of the slides. Due to design of the presentation, students have little ECL, but high 
GCL as they are able to form new schemas. This may ultimately lead to students not only 
learning about the glycolysis pathway at the present moment, but are able to retain this 
knowledge for longer. Chien and Chang’s (2012) study reported that using audio or video 
multimedia to design and deliver science content through an asynchronous online environment 
among college students reduced their perceived mental effort. A reduction in mental effort 
correlated to a higher performance within the course. They concluded ECL was low as these 
students were able to process the information. Medula’s (2012) study, though, discovered 
overreliance on multimedia caused students to expend more mental effort, thus performance was 
low. He separated novice college students into three multimedia groups: text, audio + text, and 
video + audio + text, and then recorded their perceived mental effort scores. He reported that 
mental effort and potentially ECL was higher among the audio + text group and video + audio + 
text group due to the over stimulation of the multimedia. Andrade, Huang, and Bohn (2014) 
conducted a mixed-method study with different multimedia types and the impact on perceived 
mental effort and cognitive load in a general education food science and human nutrition course 
with an asynchronous component. Undergraduate college students were placed into one of three 
multimedia groups, audio + text + graphics, or text + graphics, or video + audio + text + graphics 
and viewed three different food science lecture materials. Students completed Paas’ (1992) 
perceived mental effort survey and additional open questions for determination of mental effort 
and cognitive load. Results indicated students in the text + graphics group reported less 
perceived mental effort scores. Based on the open-ended responses, students within text + 
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graphics group reported less ECL comments than those students in the audio + text + graphics 
and video + audio + text + graphics groups. Conclusions were reached text + graphics may lead 
to less ECL. Morrison, Doan, and Guzdial (2014) conducted a study in an introductory computer 
science course. The participants were college students that had low prior knowledge to coding 
and processing. As part of the course, they were introduced to coding and processing (i.e. 
conceptual knowledge) first in class and then presented further information via audio, text, and 
animations. Students completed the Cognitive Load Instrument (Leppink et al., 2013) and post-
tests after viewing the presentations. Results showed that there was a negative relationship 
between GCL and post-test scores after students viewed the coding material. However, there was 
a positive relationship between GCL and post-test scores after students viewed the processing 
material. For the coding material the authors attributed this result to the content topic. In that 
students may have not understood the information in class, thus the complexity of the 
information presented to them in the materials did not help much. They concluded for at least the 
processing material the students’ were able to understand information likely due to the design of 
the material. One theory that can assist instructors and instructional designers in designing 
multimedia to reduce ECL in hopes of improving student learning is Cognitive Theory of 
Multimedia Learning (CTML) (Mayer 2010). 
Cognitive Theory of Multimedia Learning 
In 1997 Richard Mayer developed CTML to understand how the design of multimedia 
reduces ECL to improve students’ understanding of content (Mayer, 2010). The following 
theories are the basis of CTML: Paivio’s (1986) dual coding theory, Baddely’s (1992) model of 
working memory, Sweller’s (1988) and Chandler and Sweller’s (1991) cognitive load theory, 
Wittrock’s (1989) generative theory, and Mayer’s (1996) Select, Organize and Integrate (SOI) 
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model of meaningful theory (Mayer & Moreno, 1999). CTML holds three assumptions: dual 
channels, limited capacity, and active processing (Mayer, 2010). The dual-channel assumption is 
based upon research by Baddeley (1992) and Paivio (1986), which proposes learners have 
separate channels for processing verbal and visual material. The second assumption, limited 
capacity, is based on Baddeley’s (1992) and Chandler and Sweller’s (1991) work that proposes 
learners can process only a few elements in each channel at any one time (Mayer & Moreno, 
2003). The final assumption, active processing, is based on Wittrock’s (1989) and Mayer’s 
(1996) theories and proposes meaningful learning occurs when learners engage in appropriate 
cognitive processing during learning, including attending to relevant material, mentally 
organizing it into a coherent cognitive representation, and integrating it with prior knowledge 
activated from long term memory (Mayer, 2010) (See Figure 2). 
 
Figure 2. Cognitive Theory of Multimedia Learning. Adapted from “Nine ways to  
reduce cognitive load in multimedia learning,” by R.E. Mayer and R. Moreno, 2003,  
Educational Psychologist, 38(1), p. 44. 
 
Essentially Mayer’s theory indicates students can only process a certain amount of information at 
one time. Thus, if instructors or designers provide excess amount of graphics or too much text, it 
is considered ECL and impedes learning ability (Mayer, 2010). He proposes nine methods to 
guide instructional multimedia design to reduce ECL. The methods include: off-loading, 
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segmenting, pre-training, weeding, signaling, aligning, eliminating redundancy, synchronizing, 
and individualizing. In this study, all nine methods were used to design the food science lecture 
materials as an attempt to reduce ECL (Mayer, 2010; Mayer & Moreno, 2003) (See Table 1). 
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Table 1 
 
Mayer’s CTML Nine Methods to Reduce Extraneous Cognitive Load  
 
Type of overload scenario Load-reducing method Description of research effect 
Visual channel is overloaded by 
essential processing demands 
Off-loading: Move some essential 
processing from visual channel to 
auditory channel 
Modality effect: Better transfer when 
words are presented as narration rather 
than on-screen text 
 
Both channels are overloaded by 
essential processing demands 
Segmenting: Allow time between 
successive bite-size fragments 
Segmenting effect: Better transfer 
when lesson is presented in student 
controlled segments rather than as 
continuous units 
 Pretraining: Provide pretraining in 
names and characteristics of 
components 
Pretraining effect: Better transfer when 
students know names and behaviors of 
system components 
One or both channels overloaded by 
essential and incidental processing 
(attributable to extraneous material) 
Weeding: Eliminate interesting but 
extraneous material to reduce 
processing of extraneous material  
Coherence effect: Better transfer when 
extraneous material is excluded  
 Signaling: Provide cues for how to 
process the material to reduce 
processing of extraneous material. 
Signaling effect: Better transfer when 
signals are included 
 
One or both channels overloaded by 
essential and incidental processing 
(attributable to confusing presentation 
of essential material) 
Aligning: Place printed words near 
corresponding parts of graphics to 
reduce need for visual scanning 
Spatial contiguity effect: Better 
transfer when printed words are placed 
near corresponding parts of graphics 
 Eliminating redundancy: Avoid 
presenting identical streams of printed 
and spoken words 
Redundancy effect: Better transfer 
when words are presented as narration 
rather narration and on-screen text 
One or both channels overloaded by 
essential processing and 
representational holding 
Synchronizing: Present narration 
and corresponding animation 
simultaneously to minimize need to 
hold representations in memory 
Temporal contiguity effect: Better 
transfer when corresponding 
animation and narration are presented 
simultaneously rather than 
successively 
 Individualizing: Make sure learners 
possess skill at holding mental 
representations 
Spatial ability effect: High spatial 
learners benefit more from well-
designed instruction than do low 
spatial learners 
Note. Load Reducing Effects of Multimedia Instruction. Adapted from “Nine ways to reduce cognitive load in multimedia 
learning,” by R.E. Mayer and R. Moreno, 2003, Educational Psychologist, 38(1), p. 46. 
 
Off-loading method 
The off-loading method claims students’ comprehend information when they view 
animation enriched with audio than from animation enriched with printed text, which creates a 
modality effect (Mayer 2010; Mayer & Moreno, 2003). Aldalalah (2012) conducted a study in 
which he spilt music students into two groups: text + graphics or audio + graphics to learn about 
music theory. Results showed students who were in the audio + graphics group improved their 
understanding of the information. He concluded the audio + graphics may have reduced the 
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students’ ECL. Fiorella, Vogel-Walcutt, and Schatz (2012) sought to determine if cognitive skills 
were higher when students were presented feedback in spoken format or printed text format 
during a visual web-based simulation learning task. Results indicated students who received 
spoken feedback had higher cognitive abilities and thus were able to comprehend the information 
compared to students who received printed text feedback. Kilic and Yildrium (2012) performed a 
web-based study that separated students into two groups to learn about a subject within biology. 
One group had a verbal explanation of the information, while the other group read the 
information. Students were to complete the perceived mental effort instrument and reflect in a 
journal about their learning experience. Students in the verbal group indicated lower amounts of 
perceived mental effort and indicated in their journal they learned more about the biology subject 
than students in the other group.  
The off-loading method, though, may not necessarily have positive effects on one’s 
learning or cognition. Clarebout and Elen (2007) conducted a study that had college students 
view videos where the information was spoken. They found that video with auditory information 
did not improve student performance as measured by errors on an exam, the longer time it took 
to complete the exam, and higher perceived mental effort scores. They inferred the design of the 
videos may have caused cognitive overload, which limited the potential for learning. Rummer, 
Schweppe, Fürstenberg, Scheiter, and Zindler (2011) conducted a study in which students 
viewed content surrounding fictitious constellations in audio + pictures, text + pictures or text 
only formats. To determine if students comprehended the information, students completed 
knowledge assessments and also rated the amount of mental effort they put forth via the 
perceived mental effort instrument. Results indicated students who were presented information in 
audio + pictures format had higher perceived mental effort scores and did not perform well on 
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the assessments. They concluded the off-loading method may not have worked in this study due 
to the complexity of the information. The studies presented focused solely on the off-loading 
method, thus other design factors may have also contributed to elevated perceived mental effort 
scores, poor performance on knowledge assessments, and overall high cognitive load. One such 
factor could have been the inability for learners to control the pace of the materials presented to 
them.  
The Segmenting Method 
The segmenting method claims students will learn the information better when they can 
control the content, i.e. stop, pause, and start, rather than view the presentation continuously, 
which creates a segmenting effect (Mayer & Moreno, 2003). Lusk and colleagues (2008) 
examined the segmenting method design effect on undergraduate students. Students were placed 
into two groups- segmented multimedia (audio, text, and graphics) instruction or non-segmented 
multimedia (audio, text, and graphics) instruction. Results indicated students in the segmented 
group had a reduction in mental effort, thus performed better on both the recall and application 
tests. Florax and Ploetzner (2010) determined novice college students performed better when 
introduced to textual material in segmented formats compared to textual material in continuous 
format based on knowledge assessments. The authors concluded that the students who had the 
material in segmented formats had lower ECL, which resulted in better comprehension of the 
material.  
Chen (2012) evaluated learning that occurred when students watched mathematical 
material presented to them in a video format. Students were split into two groups- 1) experiment 
group-students were able to move through the video and had control to stop and pause or 2) 
control group- students had to watch the video continuously. The author measured performance 
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by pre and post-tests and had students complete the perceived mental effort instrument. Results 
indicated students in the experiment group indicated lower mental effort scores and improved 
their comprehension based on the post-test scores compared to the control group.  
Cheon, Crooks, and Chung (2013) conducted a study in a web-based multimedia-
enriched environment in which four designs were implemented- 1) passive segmenting with text, 
2) active segmenting with text, 3) passive segmenting with audio, and 4) active segmenting with 
audio. Active segmenting in their study meant that during the breaks or pauses in the module, a 
knowledge assessment question would appear on the screen regarding the material that was 
covered prior to the break or pause. They discovered the multimedia format of either text or 
audio did not differ in the results, but whether or not the students were introduced to passive or 
active segments of the material. The results showed active segmenting led to better scores on the 
post-tests. The authors’ indicated this led to a richer understanding of the material than students 
who received no question. By having students recall information, it may in effect improve their 
GCL and decrease their ECL, which leads to understanding of the information. The studies 
presented had positive effects with the segmenting method, but other design factors may have 
also contributed to this success. 
The Pre-training Method 
 The pre-training method claims when students are exposed to names and characteristics 
of the content material, they are able to learn the information better, which creates a pre-training 
effect (Mayer & Moreno, 2003). Mayer, Mathias, and Wetzell (2002) discovered learning, as 
measured by post-test scores, was enhanced when students received pre-training about a braking 
system. Clarke, Ayres, and Sweller (2005) came to similar conclusions about the pre-training 
method. Novice college students were split into two groups. One group was pre-trained to 
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concepts regarding spreadsheet analysis. The other group had no pre - training to spreadsheet 
analysis. Students who were pre-trained on spreadsheet analysis performed better than those who 
were not pre-trained. The authors concluded pre-training improves one’s understanding as GCL 
may be higher than ECL. Ayers (2013) came to similar conclusions in which exposing novice 
college students to complex mathematical concepts prior to the tasks they had to complete led to 
better performance on the tasks. Based on these results, he concluded learning occurred. Thus, 
students exposed to new or complex subject material may need to be provided with pre-training 
to concepts to improve their understanding.  
The Weeding Method 
The weeding method claims that when unnecessary graphics are removed, deeper 
learning occurs, which creates a coherence effect (Mayer, 2010; Mayer & Moreno, 2003). To 
illustrate this method, Mayer, Heiser, & Lonn (2001) had college students learn about lightning 
formation on the computer. Students were placed into four groups- 1) no - text (animation and/or 
videos) /no seductive (animation and narration or reading) - details group, 2) text/no – seductive 
- details group, 3) no - text/seductive (irrelevant animations and/or videos) - details group, and 4) 
text/seductive - details group. To determine performance, students took post-tests. Results 
demonstrated the no seductive groups (e.g., 1 and 2) performed better on the tests than the 
seductive groups. The authors concluded less extraneous animation will lead to higher learning. 
Ibrahim and colleagues (2012) conducted a study with undergraduate novice students to 
determine if learning occurs based on knowledge assessments and perceived mental effort scores 
after viewing educational entomology videos. The weeding method was used to reduce 
extraneous graphics in these videos. Results indicated higher performance on the knowledge 
assessment tests and students reported lower difficulty with learning material based on their 
 25 
 
mental effort scores when extraneous graphics were removed. They concluded the weeding 
method improved students’ comprehension by reducing ECL.  
On the other hand, the weeding method does not always have an impact on 
comprehension as explained by De Westelinck, Valcke, De Craene, and Kirschner (2005). They 
designed text and graphics based upon the weeding method to explain learning style information 
to social science freshman students. The authors found addition of graphics following the 
weeding method led to students reporting higher perceived mental effort scores along with lower 
learning performance. They concluded students may have learning problems when studying 
supporting materials with graphical representations such as symbols or icons because of their 
inadequate experience or lack of prior knowledge to these graphical representations. The studies 
conducted demonstrate the weeding method may help improve comprehension of material. But, 
it is necessary to ensure students can understand the graphics that are included within these 
different types of multimedia. 
The Signaling Method 
 The signaling method claims learners are able to comprehend information if signals such 
as arrows, lines, or highlighted words are used in the material, which creates a signaling effect 
(Mayer & Moreno, 2003). DeKoning, Tabbers, Rikers, and Paas (2010) conducted a study with 
the use of signals in an animated video to explain about the cardiovascular system. Medical 
students were split into two groups- group 1- animated video with signals and group 2- animated 
video with no signals. Results indicated medical students exposed to signals performed better on 
the tests and retained the information versus those students who were not provided signals. They 
concluded the signals helped the medical students understand the important areas to focus on, 
which led to improved cognitive processing. Sung and Mayer (2013) were able to determine 
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college students exposed to an online narrated multimedia solar system lesson learned more 
about the solar system when provided signals throughout the lesson than the students who were 
not provided signals. These studies demonstrate the need for including signals when designing 
materials, but to apply caution as improper placement of signals may hinder students’ abilities to 
understand the information (Mayer, 2010). 
The Aligning Method 
 The aligning method claims better transfer of information occurs when printed words are 
placed near corresponding parts of graphics, which creates a spatial contiguity effect (Mayer & 
Moreno, 2003). In the first experiment of their study, Mammarella, Fairfield, and Di Domenico 
(2013) tested the effect of spatial contiguity in a multimedia environment. Results showed higher 
post-test scores when students had drawing and textual information presented on the same slide. 
Conclusions were reached that information needs to be presented simultaneously for improved 
cognitive processing. Issa and colleagues (2013) conducted a study to determine the learning that 
occurs with medical students when presented information about shock in surgery. They designed 
the slides by using Mayer’s nine CTML methods. One of the methods, alignment, was used to 
display the text next to the graphical information. After designing the information, the authors 
placed students into two groups. One group viewed the information designed with using no 
CTML methods while the other group viewed the information designed with using CTML 
methods. Based on a pre/post-test scores, students in the CTML method group performed better 
on the post-tests than the non-CTML method group. Even though the CTML group performed 
better, the authors encouraged instructors and instructional designers to use the CTML methods 
appropriately to reduce ECL. Thus, the alignment method should be used if it enhances students’ 
understanding of information and does not cause additional mental exertion. 
 27 
 
The Eliminating Redundancy Method 
 The eliminating redundancy method claims narrative information that is different than 
text and graphics presented within the lesson will reduce extraneous cognitive load, which is 
referred to as the redundancy effect (Mayer & Moreno, 2003). Issa and colleagues (2013) 
showed via higher post-test scores amongst medical students, it is best to provide narrative 
information rather than narrative information with the same textual information. Rusanganwa 
(2013) conducted a study with undergraduate college students on the subject of physics. He 
placed students into two groups- one group was presented redundant information in narration, 
animation, and text format while another group was provided with non-redundant information 
via narration and animation format. He indicated students presented with non-redundant 
information via narration and animation format performed better on the post-tests than students 
presented with redundant information. Even though eliminating redundancy has shown students 
perform better on post-tests, this is not always the case (McNeill, Doolittle, & Hicks, 2009). 
McNeill and colleagues (2009) conducted a study applying the eliminating redundancy method 
to design a presentation about history. College students were placed into one of three multimedia 
groups: animation + narration, animation + text, or animation + text + narration. The presentation 
was two hours in length and segmented in thirty minute chunks. Additionally, students could 
control the amount of time they spent on the particular slide. Results indicated students 
performed the same in all three multimedia groups, thus eliminating redundancy did not appear 
to have an impact. The authors concluded since the multimedia was presented in longer segments 
and participants could control the amount of time they spent on the information, eliminating 
redundancy method may have not been a factor. Therefore, designers need to ensure the 
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eliminating redundancy method is used properly regardless of the length and students’ ability to 
control the pace of the presentation.  
The Synchronizing Method 
 The synchronizing method claims learning occurs when corresponding animation and 
narration are presented simultaneously rather than successively, which creates a temporal 
contiguity effect (Mayer & Moreno, 2003). This effect is similar to the aligning method (Mayer 
& Moreno, 2003). Issa and colleagues (2013) demonstrated if one creates multimedia by placing 
text and graphics close to one another students are able to perform at a higher level (i.e., better 
scores on a post-test) than students who had to read the text and then view the graphical 
information. In the second experiment of their study, Mammarella and colleagues (2013) tested 
the effect of temporal contiguity in a multimedia environment. Results showed students who had 
the drawing and textual information presented at the same time learned the information better 
than students who had the drawing and textual information presented at different times as 
indicated by test scores. As indicated with the aligning method, designers need to ensure the 
graphics and text placed near each other allows for further understanding of the information and 
reduces unnecessary cognitive load.  
The Individualizing Method 
 The individualizing method claims if students have prior knowledge to the subject matter, 
i.e. introduced to concepts prior to lessons, they will learn the information better, which creates a 
spatial ability effect (Mayer & Moreno, 2003). Fong (2013) conducted a study using animated 
graphics to teach about a chemistry concept. He split college students into three groups: 1) text 
with multiple static graphics (MSG), 2) text with continuous animated graphics (CAG), and 3) 
text with segmented animated graphics (SAG). Results indicated students within the SAG group 
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performed better (i.e., higher scores on the post-test) than students within the MSG and CAG 
groups regardless of their prior knowledge. Additionally, students who had low prior knowledge 
to the subject material performed better in the SAG group than students who had low prior 
knowledge to the subject material in the MSG and CAG groups. He concluded presenting 
complex information in animated chunks will allow for deeper cognitive processing.  
 Wu, Lin, and Hsu (2013) investigated the effects of the individualizing method on 
students’ understandings about the mechanism of breathing in human beings based on pre- and 
post-tests and interviews. Students were placed into two groups- static dynamic group (i.e., 
viewing static material then the same material in dynamic presentation) and dynamic static group 
(i.e., viewing dynamic material then the same material in static presentation). The static material 
was presented with text and graphics while the dynamic material was presented with narrated 
animations. The results indicated students who had prior knowledge to the material and who 
were exposed to static material first, then dynamic material performed better than those with low 
prior knowledge. However, when comparing low prior knowledge students amongst each other, 
those who were presented information in static format first than dynamic first outperformed their 
counterparts. The authors concluded students, especially those with low prior knowledge, may 
need static material to understand complex information. The two studies presented demonstrated 
students with prior knowledge perform better on the tasks. Yet, it is important to note the design 
of the materials assisted those students with low prior knowledge to comprehend the information. 
Thus, the design of the material is crucial to help students with low prior knowledge. 
 Ultimately, each of the nine methods was presented separately as a means to fully 
understand how the design of the multimedia can impact how one learns. Results showed content 
presented in text and graphics by the use of various CTML methods led to students performing 
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well on the post-tests, thus conclusions were made that students learned the information (Mayer 
et al., 2001; Clarke et al., 2005; Florax & Ploetzner, 2010; Issa et al., 2013; Rummer et al., 2011; 
Ayers 2013; Fong, 2013; Mammarella et al., 2013; Wu et al., 2013). Additionally, audio 
multimedia designed with CTML methods led to students performing well on post-tests. 
Conclusions were reached that learning had occurred (Mayer et al., 2002; Lusk et al., 2008; Issa 
et al., 2013; Aldalalah, 2012; Fiorella et al., 2012; Kilic & Yildrium, 2012; Sung & Mayer, 
2013). Lastly, studies that used video designed by CTML methods led to students performing 
well on the post-tests, thus conclusions were made that students learned the information (Mayer 
et al., 2001; De Koning et al., 2010; Ibrahim et al., 2011; Chen, 2012; Rusanganwa, 2013). 
However, there have been few studies (De Westelinck et al., 2005; Clarebout & Elen, 2007; 
Cheon et al., 2013; McNeill et al. 2009) regardless of the CTML methods used to design the 
multimedia type (i.e., text, audio, or video), performance was poor. Conclusions from these 
studies indicate the material was too complex, graphics used required a higher order of thinking, 
or the design used may not have been appropriate for the particular multimedia.  
Few, if any studies, were able to determine if a particular type of cognitive load was 
reduced even with the instruments used (i.e., surveys to measure the amount of mental effort, or 
scores from pre- and post-tests). Based on these instrumental results, many came to similar 
conclusions if cognitive processing was improved, then ECL was reduced enough to allow for 
effective schemas to form. Another factor that may be able to explain the results was not the 
design of the multimedia, but the design of the instructional content. 
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Instructional Design of the Content 
 In 1956, Benjamin Bloom created a framework to classify learners into three domains of 
thinking: cognitive, affective, and psychomotor.  This framework is most commonly referred to 
as “Bloom’s Taxonomy” and is typically depicted as a pyramid, in which learners need to 
continue up the pyramid once a level is achieved.  The bottom of the pyramid is considered the 
lower complexity of thinking and the top point of the pyramid is associated with higher 
complexity of thinking. There are six primary levels of the pyramid: 1) knowledge, 2) 
comprehension, 3) application, 4) analysis, 5) synthesis, and 6) evaluation (Bloom, 1956; Clark, 
2010).  The lowest level, knowledge, is achieved when the learner is able to recall data or 
information.  The second level, comprehension, is achieved when the learner understands the 
meaning, is able to interpret, and translate the problems and instructions.  The third level, 
application, is achieved when the learner is able to apply the new knowledge into novel 
situations.  The fourth level, analysis, is achieved when the learner is able to distinguish between 
facts and inferences.  The fifth level, synthesis, is achieved when the learner builds a structure or 
pattern from different elements.  Finally the sixth level, evaluation, is achieved when the learner 
is able to make judgments about the value of ideas and materials (Bloom, 1956; Clark, 2010). To 
determine if students are achieving a particular level, learning objectives are generally composed 
by the faculty (Krathwohl, 2002). However, to ensure the learning objectives are written based 
on a specific level, Bloom created a list of acceptable action verbs to use. For example, when 
writing a learning objective based on the knowledge level, one can use the verbs: arrange, define, 
and describe. On the other hand, when writing a learning objective based on the comprehension 
level, one can use the verbs: classify, convert, and defend (Huitt, 2011). Aside from using 
particular verbs to describe the level to be achieved through the learning objectives, Bloom also 
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indicated to frame these objectives in one of two ways. One way is writing the objectives based 
upon the specific subject matter. For example, the student will be able to demonstrate college-
level communication through the composition of original materials in Standard American 
English. Another way of writing the objectives is by describing what is to be done with or to that 
content (Krathwohl, 2002). For instance, students will be able to identify and define the three 
commonly known eating disorders. 
 Bloom’s taxonomy was revised in the late 1990s to reflect 21st century learning in the 
classroom (Krathwohl, 2002). Faculty members would be able to better assess students’ 
cognitive processing. The six levels were retained, but three categories were renamed and 
restructured. These revised six levels were named: 1) remember, 2) understand, 3) apply, 4) 
analyze, 5) evaluate, and 6) create. The first level’s name was changed as the noun aspect of the 
knowledge category was eliminated to leave just the verb aspect. The second level’s name was 
changed based on input from faculty members. The faculty members indicated the criterion for 
determining if one comprehends information can be interpreted in various ways, thus using the 
word understand was a better word to assess if students achieved this level. The fifth and sixth 
levels were restructured as faculty members indicated when a student is able to create knowledge 
they have achieved a higher cognitive process than if they are able to evaluate a procedure or 
learning task (Anderson et al., 2001).  To ensure students can achieve these levels, instructional 
designers and instructors need to consider not only the design of the multimedia, but also the 
design of the instructional content (Boettcher, 2007; Hokanson & Hooper, 2004; Smith & Ragan, 
2005).  There are several different instructional strategies to use when designing the content such 
as conceptual knowledge and procedural learning (Smith & Ragan, 2005). 
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Conceptual Knowledge 
 Conceptual knowledge refers to a student’s ability to understand and interpret the 
information. This knowledge cannot be learned by rote learning but instead by reflecting upon 
the information (Smith & Ragan, 2005; Tossavainen, 2009; Star & Stylianides, 2013). Two 
cognitive processes are required for one to learn a concept: generalization and discrimination. 
Generalization is a cognitive process in which one induces generalities from particulars (Smith & 
Ragan, 2005). For example, a student is learning about chemical bond formation. To a student 
who has not been introduced to the bond concept before, the instructor may need to demonstrate 
how bonds form. Thus, the next time a student is introduced to chemical bonds, since they 
already know the concept, they will be able to understand how bonds form. Discrimination is a 
cognitive process in which one can differentiate between examples of a concept and non-
examples (Smith & Ragan, 2005). For instance, the student is taking a chemistry exam and a 
question asks, “Which of the following is a chemical bond”. Since the student knows the concept 
of chemical bond formation, he is able to discriminate between a chemical bond formation and 
the non-bond formation.  
 In order for the student to grasp concepts, there are two general strategies taken when 
designing the material. The first strategy is the inquiry approach. In this approach the instructor 
or instructional designer provides examples and non-examples of the concepts and prompts the 
students to induce the concept underlying the instances (Smith & Ragan, 2005). For example, an 
instructor shows pictures and words of a number of different foods. These foods are organized 
under two categories; one category is yes and the other category is no. The students hypothesize 
why the foods are in these particular categories. The instructor will provide them with feedback 
to let them know if they hypothesized correctly (i.e. learned the concept) or not. The second 
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strategy is the expository approach. In this approach the instructor first discusses the concept and 
provides a number of examples and non-examples, the students are then encouraged to develop 
their own examples. This approach is different from the inquiry approach as the learners are first 
informed about the concepts instead of determining on their own the concept the instructor is 
trying for them to understand. Regardless of the approach, the instructor has to keep in mind the 
design of the material to reduce any unnecessary cognitive burden (i.e. ECL). As Cook (2006) 
pointed out, when instructors are creating material that is conceptual, it is important to consider 
the amount of mental effort a student puts forth to understand and interpret the information 
presented to them. Thus, he suggests minimizing graphical representations, reducing elaborate or 
unfamiliar words to explain concepts, and considering not everyone may be able to link 
declarative knowledge to conceptual knowledge. Austin (2009) determined if students were 
exposed to material based on concepts and had to split their attention from graphics and text and 
listen to redundant information, they reported higher amounts of mental effort and performed 
poorly on the test. She concluded that students were not able to interpret the information 
presented to them due to the poor design of the material. Thus, the nine design methods within 
Mayer’s CTML can help reduce unnecessary cognitive burden (i.e. ECL) when designing 
material that encompasses conceptual knowledge. 
Procedural Learning 
 Procedural learning is achieved when students are able to grasp the steps involved and 
apply that knowledge to different situations (Smith & Ragan, 2005; van Genuchten, Scheiter, & 
Schüler, 2012).  For this particular learning strategy, there are four items the student needs to 
acquire to successfully obtain information: 
1) Determine if a situation requires that one learns how to do a particular procedure for 
cognitive tasks (concept recognition) 
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2) Recall the steps in the procedure (declarative knowledge)    
3) Complete the steps in the procedure 
4) Analyze the completed procedure and confirm/disconfirm that the procedure has been 
correctly applied.  In addition, if the procedure is complex, procedures require that the 
learner makes decisions within the procedure (Smith & Ragan, 2005, pg. 190). 
 
 An example of procedural knowledge is performing cardiopulmonary resuscitation (CPR) 
correctly as this has essentially six different steps and one needs to follow each step correctly 
before moving onto the next (Smith & Ragan, 2005).  Instructors have many challenges in this 
strategy such as writing a clear procedure and using the appropriate multimedia type (Smith & 
Ragan, 2005) to reduce the amount of mental effort a student expends. van Genuchten and 
colleagues (2012) conducted a study in which students were split into three groups to view 
content- text only, text + pictures, or pictures only. To determine which multimedia type had an 
impact on performance, students took post-tests. Based on the post-test scores, students 
presented with procedural content in the pictures only group performed better than students in 
the other two groups. The authors concluded instructional designers need to consider the design 
of the materials and content together to ensure students are learning information. 
Overall, an instructor and instructional designer not only needs to consider how to design 
multimedia properly to reduce ECL, but also has to consider the learning objectives and types of 
learning that need to take place for a student to understand and apply the information. However, 
from the studies presented, none have considered students’ learning beliefs could also be a 
variable that explains and add to these inconsistencies regarding how cognitive load is impacted. 
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Learning Beliefs 
The process of making sense of the world begins at a very young age. This initial 
understanding has a powerful impact on an individual‘s perception of concepts and information, 
which impacts their performance in academic settings (Bransford, Brown, & Cocking, 2000). 
This interest in understanding more about how an individual perceives the world, which may 
affect their learning abilities, has led many researchers to explore learning beliefs.  
In the mid-1950s, William Perry began studying intellectual development in college 
students. His studies assessed white undergraduate college males at an Ivy League University to 
identify if students’ personal beliefs affect their theories about the nature of knowledge, 
understanding, and learning over time. He concluded that students go through four periods of 
epistemological growth, which affects their cognitive abilities. The first period of growth is 
dualism, the second multiplicity, the third relativism, and the fourth stage commitment (Perry, 
1997; Perry, 1999). In the first stage, dualism, students view knowledge as either right or wrong. 
Students also perceive their professors as authority figures since professors would provide the 
answers to the students. As students’ progress in their education, they enter the second stage, 
multiplicity. In this stage students understand that multiple points of view exist by experts 
supporting each viewpoint. Students in this stage also believe one point of view is as good as 
another point of view. Students further progress to the third stage, relativism. Students in this 
stage view knowledge as correct dependent upon the various elements within the particular 
context. In the final stage, commitment, students are able to recognize they need to make a 
commitment to perspectives or ideas while acknowledging multiple possibilities exist. Students 
also realize they can amend their commitment to a perspective or an idea based on further 
information (Perry, 1999). Perry’s studies have indicated that as students progressed through 
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these four stages, they developed intellectually; they also changed their perspective about being a 
learner and expectations of their instructors. He concluded that as college students progress 
through their studies in college, they also mature cognitively (Perry 1997; Perry 1999).  
Based on Perry’s work, researchers branched into three broad areas to conduct further 
research in epistemological development (Hofer & Pintrich, 1997). The first group focused on 
how individuals interpret their educational experiences. Researchers in this first group focused 
on refining and expanding Perry’s work, broadening to include different demographics and 
genders, and developing measurement tools to assess the development. These researchers 
included King and Kitchener, and Baxter-Magolda and Porterfield. The second group focused on 
reasoning and thinking processes, which included the researchers Kuhn and King and Kitchener 
(Hofer & Pintrich, 1997). The third group shifted their focus into understanding students’ 
learning beliefs to link how they perform differently academically (Hofer & Pintrich, 1997; 
Rodriguez & Cano, 2006; Schommer, 1994; Schraw, 2001) (See Table 2). 
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Table 2  
 
Components of Existing Learning Beliefs Research 
 
Areas Researcher(s) Core dimensions of learning belief theories Peripheral beliefs about learning, instruction, and 
intelligence 
  Nature of knowledge Nature of knowing Nature of learning and 
instruction 
Nature of intelligence 
1 Perry Certainty of knowledge:  
Absolute         Contextual  
         Relativism 
Source of knowledge: 
Authorities        Self 
  
1 Baxter-
Magolda 
Certainty of knowledge:  
Absolute         Contextual  
Source of knowledge: 
Reliance on Authority        Self 
Justification for knowing:  
Received or mastery         Evidence judged in 
context 
Role of learner 
Evaluation of learning 
Role of peers 
Role of instructor 
 
 
2 King & 
Kitchener 
Certainty of knowledge:  
Certain, right/wrong          Uncertain, 
contextual 
Simplicity of knowledge: 
Simple          Complex 
Source of knowledge: 
Reliance on authority          Knowers as 
construction of meaning 
Justification for knowing:  
Knowledge requires no justification         
Knowledge is constructed and judgments are 
critically reevaluated  
 
  
2 Kuhn Certainty of knowledge:  
Absolute, right/wrong answers         
Knowledge evaluated on relative merits 
Source of knowledge: 
Experts          Experts critically evaluated 
Justification for knowing:  
Acceptance of facts, unexamined expertise         
Evaluation of expertise 
 
  
3 Schommer Certainty of knowledge:  
Absolute         Tentative & evolving 
Simplicity of knowledge: Isolated, 
unambiguous bits 
          Interrelated concepts 
Source of knowledge: 
Handed down from authority         Derived from 
reason 
Quick Learning Innate ability 
Note. Components of Existing Learning Beliefs Research. Adapted from “The development of epistemological theories: 
Beliefs about knowledge and knowing and their relation to learning,” by B.K. Hofer and P.R. Pintrich, 1997,  
Review of Educational Research, 67(1), p. 113-115
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 Focusing on the third group for this particular study, Schommer (1990) suggested 
learning beliefs are not inborn, but evolve with time. She devised a framework that comprises 
five dimensions: structure of knowledge (how one believes knowledge exists), certainty of 
knowledge (the confidence one has about obtaining concepts), the source of knowledge (how one 
obtains their knowledge), control of knowledge acquisition (the belief one has about being able 
to govern intelligence) and speed of knowledge acquisition (the belief one has about the time 
(fast or gradual) to obtain knowledge). Structure of knowledge, certainty of knowledge, and 
source of knowledge dimensions were based on Perry’s (1968) work. Control of knowledge 
acquisition dimension was based off work by Dweck (1988). Speed of knowledge acquisition 
dimension was based off of work by Schoenfeld (1983, 1985). These five dimensions can be 
further categorized into either naive or sophisticated learning beliefs such as structure of 
knowledge (simple knowledge vs complex knowledge), certainty of knowledge (certain 
knowledge vs tentative knowledge), the source of knowledge (omniscient authority vs personal 
authority), control of knowledge acquisition (innate ability vs malleable ability) and speed of 
knowledge acquisition (quick learning vs gradual learning). If one has naive learning beliefs, they 
have a simplistic way of viewing learning. On the other hand, if one has sophisticated learning 
beliefs, they have a mature way of viewing learning. In other words, learning is a continuum 
from naive views to more sophisticated views (Oh & Jonassen, 2006; Schommer, 1990; Schraw 
et al., 2002). It is important to note that a student does not have to be naive or sophisticated in all 
five dimensions as each dimension is independent of one another. For instance, a student holds 
naive learning beliefs in the dimensions structure of knowledge (simple knowledge) and speed of 
knowledge acquisition (quick learning), yet holds sophisticated learning beliefs in the 
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dimensions certainty of knowledge (tentative knowledge), source of knowledge (personal 
authority), and control of knowledge acquisition (malleable ability) (See Figure 3).  
 
Figure 3. Schommer's Learning Beliefs Framework 
 
Schommer operationalized her framework in a 63-item questionnaire referred to as 
Schommer Epistemological Questionnaire (SEQ). The SEQ assesses an individual in each of 
these five dimensions to determine which learning beliefs lead to higher or lower cognitive 
processing. There are some concerns with her questionnaire such as the scoring procedure, 
psychometric properties and reliability (Bendixen, Schraw, & Dunkle, 1998; Clarebout, Elen, 
Luyten, & Bamps, 2001). To improve the reliability and psychometric qualities, Schraw and 
colleagues (2002) developed a reduced version of Schommer’s questionnaire, referred to as the 
Epistemic Belief Inventory (EBI). The following studies showcase researchers that have used 
EBI in web-based settings that have shown learning beliefs have an impact on cognition 
Speed of knowledge acquisition 
Naïve: Quick learning 
Sophisticated: Gradual learning 
 
  
  
Learning 
Beliefs 
Control of knowledge 
Naïve: Fixed ability 
Sophisticated: Malleable ability 
Source of knowledge 
Naïve: Omniscience authority 
Sophisticated: Personal authority 
Certainty of knowledge 
Naïve: Certain knowledge 
Sophisticated: Tentative knowledge 
Structure of knowledge 
Naïve: Simple knowledge 
Sophisticated: Complex knowledge 
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(Ayatollahi et al., 2012; Barnard et al., 2008; Chan et al., 2011; Lin, 2002; Mohamed & El-
Habbal, 2013; Scheiter et al., 2009).  
Barnard and colleagues (2008) conducted a study in an online course with undergraduate 
students. They determined students who held sophisticated learning beliefs in the dimension 
structure of knowledge performed well in the online course. Chan and colleagues (2011) 
discovered undergraduate students who held naive learning beliefs in structure of knowledge, 
control of knowledge, and certainty of knowledge acquisition dimensions had poorer critical 
thinking skills. They concluded educators need to foster students’ development of sophisticated 
learning beliefs in order for students to perform cognitively well in the classroom. Ayatollahi and 
colleagues (2012) examined undergraduate students’ learning beliefs and reading comprehension 
based on the TOEFL exam administered through the web. Results demonstrated students who 
held naive learning beliefs did not comprehend the reading material as well as students who held 
sophisticated learning beliefs. On the other hand, Mohamed and El-Habbal (2013) discovered 
that regardless if students have naive or sophisticated learning beliefs, their academic 
performance and cognitive abilities depend on if they are high or low achievers within the 
particular subject matter. The studies presented were inconclusive in the form of learning beliefs 
that contributes to cognitive processing and learning. Even though these particular studies did not 
have multimedia as a main focus, it demonstrates the need for further exploration to understand 
if multimedia is involved with students’ abilities to learn. 
Lin (2002) conducted a study with middle-grade students to determine which form of 
multimedia (text, animation, or video) and learning beliefs impacted the amount of mental effort 
students put forth to understand the information. Students were placed into one of three groups- 
1) text and graphics, 2) animation, or 3) video, audio, and graphics. Results showed there was no 
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statistical significance within the text group in regards to learning beliefs and mental effort. 
Students within the animation group who held naive learning belief in the dimension source of 
knowledge had indicated low amount of mental effort and performed well on the assessment. 
Students within the video group who held naive learning belief in the dimension source of 
knowledge had indicated high amount of mental effort, but performed well on the assessment. 
He concluded students exposed to animation are able to understand the information at a much 
faster pace than students exposed to video despite one’s learning beliefs. Therefore, the form of 
multimedia one is exposed to may have more of an impact on one’s comprehension than learning 
beliefs.  
Scheiter and colleagues (2009) conducted a study to determine the impact learning beliefs 
have on perceived mental effort. College students were presented information on probability 
theory via video format in a web-based setting. Results showed students who held naive learning 
beliefs in the dimensions structure of knowledge, certainty of knowledge, and speed of 
knowledge acquisition indicated higher amounts of mental effort.  Additionally, their post-test 
scores were lower compared to students who held sophisticated learning beliefs. The authors 
concluded cognitive abilities were lower since these students had to put forth more effort to 
understand the information. Andrade, Huang, and Bohn (2013) conducted a study in a general 
education food science and human nutrition course with an asynchronous component to 
determine the relationship between learning beliefs and multimedia types and the impact on 
perceived mental effort. Students were split into one of three groups, audio + text + graphics, or 
text + graphics, or video + audio + text + graphics and viewed information on three various food 
science topics. Based on Paas’ (1992) perceive mental effort instrument, students within the text 
group who held sophisticated learning beliefs in speed of knowledge acquisition reported less 
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perceived mental effort compared to the audio + text + graphics and video + audio + text + 
graphics groups. Additionally, students who held naive learning beliefs in structure of knowledge 
reported less perceived mental effort when introduced to audio multimedia. Conclusions were 
reached both learning beliefs and the multimedia type needs to be considered when introducing 
students to information. The studies presented demonstrated multimedia and certain learning 
beliefs could impact learning. Further discussion surrounding multimedia with the use of 
hypertext and learning beliefs takes place.  
Learning Beliefs and Hypertext 
DeBacker and Crowson (2006) examined undergraduate students’ learning beliefs and 
the relationship to cognitive performance within a hypertext format. Conclusions were reached 
those students who held sophisticated learning beliefs had higher cognitive engagement than 
students who held naive learning beliefs. They determined this would ultimately lead to better 
performance within the classroom. Bråten and Strømsø (2006) conducted a study to determine 
the contribution learning beliefs has on learning in a web-based environment that incorporated 
hypertext to explain different information and communication technologies to college students. 
Results indicated that students who held naive learning beliefs in certainty of knowledge and 
structure of knowledge dimensions performed poorly on a post-test. Conclusions were reached 
that the students who held naive learning beliefs had lower cognition than those who had more 
sophisticated beliefs. Liu (2010) conducted a qualitative study with the use of hypertext in a 
web-based setting to determine the relationship between learning beliefs and cognition. His 
results showed that students who held naive learning beliefs in the certainty of knowledge and 
speed of knowledge acquisition dimensions performed poorly on the learning task, thus he 
contributed this to lower cognitive processing. He found students who held sophisticated 
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learning beliefs in the source of knowledge and structure of knowledge dimensions performed 
well on the learning task, which signified that these students had higher cognitive processing. 
Even though these studies provide evidence that sophisticated learning beliefs lead to improved 
cognitive performance within the classroom, this is not always the case (Mishra & Yadav, 2006; 
Oh & Jonassen, 2006).  
Oh and Jonassen (2006) proposed that learning beliefs play a part in solving ill-structured 
diagnosis-solution problems. Results showed that students who held a naive learning belief in the 
source of knowledge dimension performed well on the problem-solving tasks. The researchers 
concluded that students had the confidence to do well to solve the problem because they 
expected their teachers to provide them with approval. Mishra and Yadav (2006) conducted a 
qualitative study, in which their results were mixed. Students who had prior knowledge to the 
topics and held sophisticated learning beliefs performed well in the class or, as concluded by the 
authors, had higher cognitive abilities. Conversely, students who had prior knowledge and held 
naive learning beliefs performed poorly in the class or as the authors concluded they had lower 
cognitive abilities, although, one participant who held sophisticated learning beliefs and had 
some prior knowledge performed poorly in the classroom. The authors rationalized this by 
indicating that the student may have not been as motivated to learn the topic in the first place, 
which related to the student’s lower cognitive ability. It is necessary to point out that the authors 
did not explain the result via how the multimedia was displayed to this particular student. For 
instance, if the student did not prefer to learn via hypertext or did not utilize the hypertext 
material, it may explain why she did not perform well in the class.  
Bråten and colleagues (2008) results were mixed towards sophisticated and naive 
learning beliefs. Students who were sophisticated in the structure of knowledge dimension and 
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students who were naive in the source of knowledge dimension had higher cognitive abilities, 
thus comprehended the information. They concluded that the definition of sophisticated may 
mean those learning beliefs are more desirable than naive learning beliefs. Still, learning beliefs 
should not be assumed universally effective or adaptive. This means that learning and 
comprehension depends on the context and the level of expertise that a person is researching. In 
some circumstances, holding naive learning beliefs may be superior to sophisticated learning 
beliefs and lead to higher cognitive ability. The studies presented do not indicate if the way 
information was presented, i.e. hypertext, may have led to lower or higher cognitive processing, 
but instead the learning beliefs. Therefore, it is necessary to determine if studies concerning 
another way to present information, i.e. hypermedia, also have similar conclusions.  
Learning Beliefs and Hypermedia 
Hartley and Bendixen (2003) conducted a study to determine which learning belief 
dimensions impact cognition in a web-based environment that used video and hypermedia. 
Students viewed a video tutorial about E. Coli and were told tools were available, e.g. self-
assessments, glossaries, and map guides. The students were informed they had 30 minutes to 
view this tutorial and then a test would be given. Results indicated that students who held naive 
learning beliefs in the control of knowledge and speed of knowledge acquisition dimensions used 
the tools more frequently than the sophisticated believers. Additionally, students who held naive 
learning beliefs in the source of knowledge acquisition dimension progressed through the tutorial 
in a non-linear fashion. Meaning they jumped around throughout the tutorial and did not follow a 
linear pattern compared to the other students with naive or sophisticated beliefs in different 
learning belief dimensions. They concluded that one needs to understand the meaning behind a 
student either using or not using guides during a tutorial and how that will help or hinder one’s 
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ability to learn information. In another study, Bendixen and Hartley (2003) assessed learning 
beliefs and performance on a training tutorial in a web-based setting.  Results indicated students 
who held naive learning beliefs in the speed of knowledge acquisition dimension performed 
better on the tutorial assessment. Their rationale for this outcome was because the students were 
on a 30-minute time limit to complete the tutorial; those who believed in quick learning were 
able to grasp the information better.  
Peng and Fitzgerald (2006) completed a study that assessed college students’ learning 
beliefs and performance after reviewing a science/education- based video case study. The video 
was designed with animated figures and prompts appearing on the screen (i.e. graphics and text 
that included key concepts). Students had to answer open-ended questions that appeared 
periodically throughout the case study to determine their quality of effort when responding to 
these questions and their understanding (i.e. conceptual knowledge) of the information. Results 
showed students with naive beliefs in speed of knowledge took less time reviewing the case 
study, but had understood the information as their responses were of higher quality than 
sophisticated believers in this dimension. The authors concluded even though students believe 
learning is acquired quickly and spent less time on the case study, they were able to process the 
information and form proper schemas in order to respond correctly to the questions posed. Stahl, 
Pieschl, and Bromme (2006) discovered that students in a hypermedia environment who held 
naive learning beliefs in the certainty of knowledge and structure of knowledge dimensions were 
not able to understand the concepts presented to them. Yadav and Koehler (2007) focused only 
on the control of knowledge and structure of knowledge dimensions as they indicated these two 
dimensions had the greater variance and most reliability. This was a qualitative study in which 
the students needed to explain their thoughts after being presented with information via video. 
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Students who were naive in the control of knowledge and structure of knowledge dimensions 
were very simple in their answers compared to those students who were sophisticated in these 
learning belief dimensions. They concluded that those who held naive learning beliefs had lower 
cognitive abilities, thus the reason that those students’ responses were simplistic. Additionally, 
Bromme, Pieschel, and Stahl (2010) conducted a study to determine the relationship between 
learning beliefs and perceptions of task difficulties in a hypermedia environment. College 
students majoring in humanities, who had low prior knowledge to biology content, were 
presented with molecular biology content in audio and text format that was designed using 
Bloom’s revised taxonomy (i.e. from remembering to create). After reviewing information they 
were presented with a task, but instead of fulfilling that task (i.e. conducting an experiment) they 
completed a survey that asked them to indicate the importance of cognitive approaches (i.e. 
structuring, memorizing, or processing critically) that was necessary to complete the task 
successfully. Their results demonstrated students with sophisticated learning beliefs correctly 
identified the cognitive approaches needed for more complex tasks (i.e. procedural learning). 
They concluded even though students with sophisticated beliefs are able to cognitively process 
difficult information other factors may also explain these results (i.e. learning environment). 
Pieschl, Stallman, and Bromme (2014) conducted a study to determine the relationship between 
learning beliefs and perceptions of task difficulty. Senior high school students (n=131) initially 
completed the EBI (Schraw et al., 2002) and then were presented with biology content in a video 
web-based environment. This content was designed based on the six stages of Bloom’s revised 
taxonomy (i.e. remembering to create). After reviewing the content students were presented with 
multiple-choice questions to assess their learning types (i.e. declarative knowledge to procedural 
learning). They also completed an instrument that assessed their perceptions of the task difficulty 
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(i.e. ability to answer the questions). Results showed students with sophisticated beliefs in 
control of knowledge acquisition perceived the questions that were related to declarative 
knowledge and conceptual knowledge were less difficult than procedural learning. Additionally, 
they were able to develop schemas to solve those questions (i.e. procedural learning) correctly. 
Whereas the naive believers perceived the questions to be of the same difficulty level regardless 
if the question was considered declarative knowledge or procedural learning. These naive 
believers also did not answer the more complex questions (i.e. procedural learning) correctly. 
The authors concluded students with sophisticated beliefs are able to cognitively adapt to 
complex information more so than naive believers. 
Overall, the studies discussed had mixed results about which learning beliefs lead to 
improved cognitive processing in the classroom with different types of multimedia, hypertext, or 
hypermedia formats. There were also few studies that addressed the relationship between 
multimedia designed by CTML, learning beliefs and the impact on cognitive load within general 
education courses with an asynchronous component. Lastly, cognition was determined by 
performance on knowledge assessments and by their perception of the amount of mental effort 
they put forth to understand the material. No studies discussed other measurement tools to 
determine the type of cognitive load affected by learning beliefs and multimedia (See Table 3).
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Table 3 
 
Learning Beliefs and Multimedia’s Impact on Cognitive Processing 
 
Naive  
Learning 
Belief 
Dimensions 
Multimedia LCP Multimedia HCP Hypertext LCP  Hypertext HCP  Hypermedia LCP  Hypermedia 
HCP  
Structure of 
Knowledge 
Chan and 
colleagues, 2011; 
Ayatollahi and 
colleagues, 2012 
Barnard and 
colleagues, 2008; 
Scheiter and 
colleagues, 2009 
 
 Bråten & Strømsø, 2006;  
DeBacker & Crowson, 2006;  
Mishra & Yadav, 2006; 
Oh & Jonassen, 2006 
Bråten and colleagues, 2008; 
Liu, 2010 
 Stahl and 
colleagues, 
2006;  
Yadav & 
Koehler, 2007; 
Pieschl and 
colleagues, 
2014 
Certainty of 
Knowledge 
Chan and 
colleagues, 2011; 
Ayatollahi and 
colleagues, 2012 
Barnard and 
colleagues, 2008;  
Scheiter and 
colleagues, 2009 
 
 Bråten & Strømsø, 2006;  
DeBacker & Crowson, 2006;  
Mishra & Yadav, 2006; 
Liu, 2010 
 
 Stahl and 
colleagues, 
2006; Bromme 
and colleagues, 
2010 
Source of 
Knowledge 
Ayatollahi and 
colleagues, 2012 
Lin, 2002; 
Barnard and 
colleagues, 2008 
 
Bråten and 
colleagues, 2008;  
Oh & Jonassen, 
2006 
Bendixen & Hartley, 2003;  
DeBacker & Crowson, 2006;  
Mishra & Yadav, 2006 
 
 Hartley & 
Bendixen, 
2003; Bromme 
and colleagues, 
2010; Pieschl 
and colleagues, 
2014 
Control of 
Knowledge 
acquisition 
Chan and 
colleagues, 2011; 
Ayatollahi and 
colleagues, 2012 
Barnard and 
colleagues, 2008; 
 
 Bendixen & Hartley, 2003;  
Mishra & Yadav, 2006; 
Liu, 2010 
 
 Hartley & 
Bendixen, 
2003; 
Peng & 
Fitzgerald, 
2006; 
Yadav & 
Koehler, 2007 
Speed of 
Knowledge 
acquisition 
Ayatollahi and 
colleagues, 2012 
Barnard and 
colleagues, 2008;  
Scheiter and 
colleagues, 2009 
 
 Mishra & Yadav, 2006; 
Liu, 2010 
 
Bendixen & 
Hartley, 2003;  
Hartley & 
Bendixen, 2003 
Peng & Fitzgerald, 
2006; Bromme and 
colleagues, 2010 
 
Note. LCP = Low Cognitive Processing, HCP = High Cognitive Processing 
 50 
 
Measuring Cognitive Load 
 Measuring the type of cognitive load affected by viewing information via various 
multimedia is difficult since many factors, such as the design of multimedia and student 
characteristics (e.g., prior knowledge and learning beliefs), impact cognitive load, although, there 
are a variety of measurement tools available that attempt to measure a specific cognitive load 
type (Brünken et al., 2003; Leppink et al., 2013). Brünken and colleagues (2003) characterized 
these measurement tools into two main dimensions: 1) objectivity (objective and subjective) and 
2) causal relations (direct or indirect). Objectivity is essentially considered self-reported data. 
Causal relation is a relationship between the subjective instrument and the actual attribute of 
interest (Brünken et al., 2003) (See Table 4). Objective measurements will be discussed first 
prior to moving onto subjective measurements.  
Table 4 
 
Classification of Methods to Measure Cognitive Load based on Objectivity and Causal Relationships 
 
 Causal Relationship 
Objectivity Indirect Direct 
Objective Behavioral Measures 
Learning Outcome Measures  
Physiological Measures 
 
Brain Activity (i.e. rMRI) 
Dual-task performance 
Subjective Self-reported Invested Mental Effort Self-reported Stress Level 
Self-reported Difficulty of Materials 
Note. Classification of Methods to Measure Cognitive Load based on Objectivity and Causal Relationships. 
Adapted from “Direct measurement of cognitive load in multimedia learning,” by R. Brünken, J.L. Plass, and D. 
Leutner, 2003, Educational Psychologist, 38(1), p. 55. 
 
Direct Objective 
Neuroimaging techniques, e.g. positron-emission tomography and functional magnetic 
resonance imaging, are considered direct objective measurement tools to determine the type of 
cognitive load affected after viewing information or completing a task. These neuroimaging 
techniques assess brain activity during task execution and dual-task measurement (Brünken et 
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al., 2003). Although these techniques have only been utilized to assess cognitive load via simple 
mental activities such as rote memorization, sentence comprehension, and visual rotation (Just et 
al., 2001; Whelan, 2007), these techniques cannot accurately measure cognitive load when the 
task introduced to them requires critical thinking. Dual-task paradigm procedure may be another 
tool to assess cognitive load affected during critical thinking. Dual-task paradigm procedure 
requires the subject to complete two tasks simultaneously. The subject is essentially will be 
splitting their attention between two different types of multimedia, i.e. visual and verbal. As 
indicated by Mayer’s CTML, splitting attention via two modes of presentation leads to an 
increase in ECL (Brünken et al., 2003; Tabbers & Van der Spoel, 2011; Whelan, 2007). The 
performance scores (e.g., time to complete the tasks and amount of errors on a post-test) on these 
two tasks are compared to performance scores after completion of a single-task. If performance 
scores on the dual-tasks are lower than performance scores of a single-task, conclusions are 
made the dual-tasks competed for the same information processing zone, thus elevating cognitive 
load (Brünken et al., 2003). However, the dual- task paradigm procedure is not able to accurately 
measure if in fact split-attention is causing ECL to be elevated. Direct objective measurement 
techniques, though promising, have limitations as they cannot accurately measure higher order 
thinking abilities, they cannot formulate which cognitive load is being affected, the studies that 
utilize these techniques are used in controlled settings with small sample sizes, and these 
measurement techniques do not consider students’ characteristics (Tabbers & Van der Spoel, 
2011; Whelan, 2007) such as learning beliefs. Therefore, indirect objective measurement 
techniques may help to not only measure cognitive load, but the type affected. 
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Indirect Objective 
The most common indirect objective measurement technique used to measure cognitive 
load is via scores from knowledge tests, i.e. pre and post-tests.  Researchers (Clarebout & Elen, 
2007; Medula, 2012) have concluded that if students do better on the post-test than the pre-test, 
then students’ ECL was reduced. However, this can be contested as performance also depends on 
when the post-test was administered (e.g., shortly after the information was presented) and the 
construction of the post-test (i.e., multiple choice rather than short answers) (Brünken et al., 
2003; Leppink et al., 2013; Mayer et al., 2001). Furthermore, indirect objective measurements 
can be used as a means to measure cognitive load, but cannot differentiate which type of 
cognitive load is affected. 
Both indirect and direct objectives are techniques that attempt to understand cognitive 
load through behavior and performance. These techniques, though, are unable to accurately 
measure the amount and type of cognitive load that is affected by these learning tasks. It is 
essential to discuss subjective measurement techniques to determine if these measurements are 
consistent in understanding one’s performance based on the amount and type of cognitive load 
affected.   
Direct Subjective 
One direct subjective measurement technique is for the learner to rate their perceived 
level of difficulty. The level of difficulty relates directly to the amount of overall cognitive load 
imposed (Brünken et al., 2003). Another direct subjective measurement is for learners to rate 
their perceived level of stress. Similar to the level of difficulty measurement, the level of stress 
relates to the amount of overall cognitive load (Brünken et al., 2003). However, these 
measurement techniques do not discern between ICL, ECL, or GCL.  
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Indirect Subjective 
One indirect subjective measurement technique is for the learner to rate their perceived 
mental effort. Paas (1992) created the perceived mental effort instrument to determine the 
amount of mental effort learners put forth to understand information. The score on this 
instrument corresponds to the overall cognitive load (Gimino, 2002; Van Gog & Paas, 2008), but 
cannot differentiate between ICL, ECL, or GCL. Cheon and Grant (2012) created an indirect 
subjective instrument to determine the cognitive load that students experience when viewing or 
completing a task, specifically within the online environment. This instrument measures ECL 
and GCL, but does not measure ICL. Even though Cheon and Grant’s (2012) instrument is closer 
to measuring the different types of cognitive load, Leppink et al. (2013) designed an indirect 
subjective instrument (i.e. Cognitive Load Instrument) that measures all three types of cognitive 
load. The Cognitive Load Instrument consists of ten statements in which three relate to ICL, 
three relate to ECL, and four relate to GCL. Leppink and colleagues (2013) examined this 
instrument with both undergraduate and graduate students who majored in health sciences and 
concluded that the instrument is reliable and valid. Considering the dearth of scales capable to 
differentiate types of cognitive load and that in most cases, one has to infer which type of load is 
being impacted the Cognitive Load Instrument (Leppink et al., 2013) is a significant tool to 
understand changes in cognitive load.
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Summary 
This literature review included studies that concluded multimedia and students’ learning 
beliefs each may have a purported impact on one’s cognitive load. Evidence supports that 
multimedia materials improves cognitive processing of the material (Aldalalah, 2012; Florax & 
Ploetzner, 2010; Ibrahim et al., 2011; Mayer, 2010) and learning beliefs have an impact on one’s 
cognitive processing within certain environments (i.e. web-based, online) (Ayatollahi et al., 
2012; Barnard et al., 2008; Chan et al., 2011; Lin, 2002; Mohamed & El-Habbal, 2013; Scheiter 
et al., 2009). Nevertheless, three main gaps within this literary discourse have been identified:  
1. There are limited studies that explore the relation between types of multimedia, students’ 
learning beliefs, and the impact on cognitive load. 
2. In CTML, prior knowledge grows as schemas are formed and integrated. However, there is 
no information as to how this prior knowledge was shaped and if students’ learning beliefs 
are a limitation or an advantage in the integration of schema formation. It is possible that 
learning beliefs facilitate the integration of schemas, and thus, the efficiency of working 
memory.  
3. Most studies were conducted in controlled settings, where online learning, in its true nature, 
is poorly referenced. It is possible students’ learning beliefs could pre-determine their ability 
to succeed when exposed to multimedia material in an online setting.  
For this study, these gaps can be better isolated and studied by bridging multimedia types, 
learning beliefs, and the impact on cognitive load in a general education undergraduate course 
within an asynchronous component as depicted in figure 1. 
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This study will be able to assist instructors and instructional designers that primarily 
work in higher education online settings to ensure the multimedia has been designed in a manner 
to optimize students’ cognitive processing. 
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CHAPTER III: METHODOLOGY 
 The purpose of the study is to determine if multimedia types are moderators/mediators to 
the relationship between students’ learning beliefs and the impact on cognitive load. This chapter 
includes a description of the design parameters, pilot study, sample, measures, and tasks. A 
discussion also takes place regarding the procedures to conduct this study and data analyses. 
Research Design 
An experimental design will be used to address the following research questions:  
1) Which multimedia types moderate the relationship between learning beliefs and the 
impact on cognitive load? 
2) Which multimedia types mediate the relationship between learning beliefs and the impact 
on cognitive load? 
Pilot Study 
 A three stage pilot study was conducted in Fall 2013 to ensure that the food science 
lecture materials, pre/post-tests, and the instruments had construct validity and decent reliability 
prior to being deployed in the actual Spring 2014 study.  
Stage I Pilot Study 
 The first stage of the pilot study consisted of two content matter experts (i.e. faculty 
members within the food science and human nutrition department) that reviewed the design 
aspect of the food science lecture materials. A checklist was provided to the content matter 
experts consisting of Mayer’s nine CTML methods (See Appendix A for the checklists). The 
content matter experts reviewed the four food science lecture materials in each of the three 
multimedia groups, thus reviewing a total of 12 food science lecture materials. 
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Results from Stage I Pilot Study 
 Based on the feedback, the food science lecture materials among the three multimedia 
types were revised. These revisions did not take place until after the three stages of the pilot 
study took place. The four food science lecture materials within all three multimedia types were 
revised to include learning objectives. Three learning objectives were included within each food 
science lecture material so that students were aware of what the researcher and instructor wanted 
them to learn (Fink, 2007). These learning objectives focused on two aspects of Bloom’s revised 
taxonomy (i.e. understand and apply). The post-test questions within each of the food science 
lecture materials were revised to ensure the students met the learning objectives (See Appendix 
B for the learning objectives and pre/post-tests). For the three multimedia types, highlighted and 
bold words were eliminated, and lines and arrows were included to orient students to the 
graphics on the MS PowerPoint slides. Furthermore, the three multimedia types were redone to 
use the same scripts. These scripts included additional information and explanation as indicated 
by the content matter experts. Thus, the three multimedia types were similar in length (i.e. 7.40 
minutes for food science lecture 12 material) for their respective food science lecture materials. 
Hence, the total time to view and complete the post-tests within each of the food science lecture 
materials was about 16-20 minutes among the three multimedia types.   
Stage II Pilot Study  
   The second stage of the pilot study occurred in the Fall 2013 FSHN 101 course. To 
recruit students, the researcher spoke in class two weeks before food science lecture 12 material 
became available (See Appendix C for recruitment information and consent form). As with the 
actual study, the parts of the pilot study were considered an assignment in the course, thus the 
instructor provided points to students who completed all aspects of the study (i.e. the EBI and 
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demographic questionnaire, pre-tests, the Cognitive Load Instrument for the four food science 
lecture materials, and the post-tests within each of the food science lecture materials). Initially, 
239 students participated in the pilot study and were randomized into one of the three multimedia 
groups. Once students began the pilot study, if they dropped or failed to complete all aspects of 
the study, the groups were not redistributed. A total of 108 students completed all aspects of the 
pilot study, which met the population criteria of 20% of the total study size population (Baker, 
1998). The final composition of the multimedia groups was as follows: Group 1 (TG) – 38 
students, Group 2 (ATG) – 36 students, and Group 3 (VATG) – 34 students. The students, 36 
male (33%) and 72 female (67%), were primarily freshman in college (56%) and the majority 
were non-majors of science (52%). Additionally, 59.2% of the students were Caucasian with the 
remaining 40.8% consisting of 23.9% multi-racial, 10.5% Asian, and 3.2% Black, and 3.2% 
Hispanic. Similar demographic percentages are expected for the current investigation. Ninety 
percent of students across all multimedia groups had low prior knowledge to the food science 
lecture materials. Based on pre-test results, students were able to correctly answer 30% of the 
questions in regards to lectures 12 and 15 content and 20% of the questions correctly in regards 
to lectures 27 and 28 content. 
 Measures. The materials administered to the students in the pilot study were the same 
materials used in the actual study. The measures and tasks are described in detail in the method 
section for the main study. A brief description is offered here. Students’ learning beliefs were 
assessed via the EBI (Schraw et al., 2002). Students responded to the 32 statements on a ten-
point Likert scale. Students completed a pre-test that consisted of 12 questions that was broken 
down into three questions from lectures 12, 15, 27, and 28. They had 2.45 minutes to respond to 
each question and their responses were recorded in Compass 2g. Students also viewed four food 
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science lecture materials in one of the three multimedia types within sections 2 (lectures 12 and 
15) and 3 (lectures 27 and 28) of the FSHN 101 course. Throughout each of the food science 
lecture materials, three post-test questions appeared. These post-test questions were the same 
questions as the pre-tests. Students had three minutes to answer each post-test question. The 
scores from the post-tests were recorded within Compass 2g. Finally, they completed the 
Cognitive Load Instrument (Leppink et al., 2013) after viewing each of the food science lecture 
materials to determine the type of cognitive load impacted. This Cognitive Load Instrument 
consisted of ten statements based on a ten-point Likert scale.  
 Procedure. Students independently completed the activities associated with the pilot 
study within Compass 2g. The EBI and demographic questionnaire and the Cognitive Load 
Instrument were hyperlinked in Compass 2g to WebTools
TM
.  
There were five parts of the study. First, students were randomized into one of the three 
multimedia groups: Group 1 (TG), Group 2 (ATG), or Group 3 (VATG). Second, students 
completed the EBI and demographic questionnaire. Third, students completed the pre-test for 
section 2. Fourth, students viewed the food science lectures 12 and 15 materials about water and 
protein and took the post-tests (six total questions, three within each food science lecture 
material). Fifth, students completed the Cognitive Load Instrument after viewing each of the 
food science lectures 12 and 15 materials. Students repeated the third, fourth, and fifth parts of 
the pilot study for the two food science lectures 27 and 28 materials from section 3. 
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Results of Stage II 
 The focus of the second stage of the pilot study was to the reliability and validity of the 
food science lecture materials and the instruments. However, due to the amount of students who 
had technical issues with food science lecture 12 material, the post-tests and the Cognitive Load 
Instrument were not completed. Thus, results are reported for food science lectures 15, 27, and 
28 materials. 
 Student Completion Time of the Food Science Lecture Materials. Initially the 
researcher recorded the length of time it took the instructor to speak the information for the audio 
and video multimedia types; and the estimated time to read through the information on the slides 
for the text multimedia type. The maximum amount of time students had to complete post-test 
questions was fixed (i.e. three minutes per question for a total of three questions or nine 
minutes). As is illustrated in Table 5, the total length of time to view and take the post-test 
questions within the specific food science lecture material varies depending on the materials.    
 
 To ascertain completion time from the students, the researcher recorded the length of 
time that students took to view and complete the post-test questions within the food science 
lecture materials in Compass 2g. Compass 2g tracks the amount of time students spent on these 
materials as soon as students opened the materials until they closed the materials. The student 
Table  5 
 
Length of the Food Science Lecture Materials (in Minutes) within each Multimedia Group  
 
Food science lecture materials Group 1(TG)- 
Potential 
Completion Time 
Group 2 (ATG)- 
Potential Completion 
Time 
Group 3 (VATG)- 
Potential Completion 
Time 
Lecture 15  13.05 13.09 16.25 
Lecture 27  14.03 13.07 16.37 
Lecture 28  14.02 12.37 15.11 
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completion times from each food science lecture materials among the three multimedia groups 
are illustrated in Table 6. 
Table  6 
 
Student Completion Time (in minutes) for Food Science Lecture Materials within each Multimedia Group (n=108) 
 
Food science lecture materials Group 1(TG) 
N=38 
Group 2 (ATG) 
 N=36 
Group 3 (VATG) 
N=34 
Lecture 15  13.12 9.21 12.56 
Lecture 27  12.80 12.70 13.00 
Lecture 28  10.30 8.70 9.20 
 
 Based on these results, students spent less time on food science lecture 28 material than 
the other food science lecture materials, which could be attributed to students had figured out 
how to use the Camtasia software tool and recognized they could advance, pause, or stop the 
food science lecture material at any time. For the Spring 2014 study, the researcher discussed 
using the Camtasia software prior to the food science lecture 12 material opened. Additionally, a 
technology document was developed to remind students how to use the software.  
 Learning Beliefs. To determine students’ learning beliefs, Schraw and colleagues’ 
(2002) Epistemic Belief Inventory (EBI) was chosen. Further description and rationale for using 
this instrument is provided in the methodology section. Reliability analyses were conducted to 
ensure the EBI statement items were measuring the specific learning belief dimensions. Results 
showed Cronbach’s alphas of 0.39 for structure of knowledge dimension, 0.42 for certainty of 
knowledge dimension, 0.40 for source of knowledge dimension, 0.61 for control of knowledge 
acquisition, and 0.68 for speed of knowledge acquisition (See Table 7).  
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Table 7 
 
Means (SD) and Reliabilities of the EBI Dimensions from the Pilot Study (n=108) 
 
EBI Dimension M (SD) α 
STK 5.1 (1.0)  0.39 
CE 3.6 (1.2)  0.42 
SOK 5.3 (1.3)  0.40 
COK 4.8 (1.4)  0.61 
SPK 2.8 (1.4)  0.68 
Note. STK= Structure of Knowledge, CE= Certainty of Knowledge, SOK= Source of Knowledge, COK= Control 
of Knowledge Acquisition, SPK= Speed of Knowledge Acquisition 
 
 At least in this pilot study, the statement items for control of knowledge and speed of 
knowledge acquisition learning belief dimensions were reliable. Although the reliabilities of the 
other three dimensions were rather low, this is expected. That is, since the EBI statements are 
assessing a student’s perceptions and beliefs, students may respond differently. Another factor 
that contributed to wide inconsistencies with the responses was due to the measurement scale of 
0-10. Students may have not been able to differentiate between the scores (i.e. knowing the 
difference between a 3 or a 4).  Based on the reliabilities being less than acceptable, the scale 
was reverted back to 1 (strongly disagree) to 5 (strongly agree) (See Appendix F for the EBI).   
 Post-tests. Based on t-test analyses, students’ post-test scores were significantly higher 
than their pre-test scores after viewing the food science lecture materials within all three 
multimedia groups. Table 8 provides students’ means, standard deviations, and p-values of the 
pre and post-test scores among all three multimedia groups. These results imply students were 
able to understand and apply the information after viewing the food science lecture materials. 
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Table  8 
 
Means (SD) of Pre and Post-tests across Multimedia Groups from the Pilot Study (n=108) 
 
Food Science Lecture Materials Group 1 (TG)  
(n=38) 
Group 2 (ATG)  
(n=36) 
Group 3 (VATG) 
(n=34) 
 Pre-test Post-test Pre-test Post-test Pre-test Post-test 
Lecture 15 4.5 
 (4.0) 
11.2*  
(4.7) 
4.7  
(4.3) 
10.0*  
(5.2) 
4.5  
(5.4) 
11.9* 
(4.0) 
Lecture 27 3.0 
 (3.4) 
11.6* 
(5.6) 
2.6 
 (3.5) 
11.1*  
(5.4) 
3.3 
 (3.9) 
11.9* 
(4.5) 
Lecture 28 3.2  
(3.8) 
9.2*  
(5.5) 
2.6 
 (3.7) 
9.6* 
(5.4) 
3.8  
(3.4) 
10.2* 
(5.2) 
Note. * significant at p  < 0.05 level after t-test 
 
 Cognitive Load. Leppink and colleagues’ (2013) Cognitive Load Instrument helped 
determine the students’ cognitive loads (i.e. Intrinsic (ICL), Extraneous (ECL), and Germane 
(GCL)) after viewing each of the food science lecture materials (See Appendix G for the 
Cognitive Load Instrument). Further description and rationale for using this instrument is 
provided in the methodology section. Once students accessed the Cognitive Load Instrument 
from WebTools
TM
, the first question asked students which food science lecture material they 
viewed (i.e. 12, 15, 27, or 28). Once students answered this question, they were then able to 
complete the ten statements on the Cognitive Load Instrument. To ensure the ten point Likert 
scale is measuring the types of cognitive load, internal consistencies were measured across the 
three multimedia groups. Results showed that for the statements associated with ICL, Cronbach 
alphas ranged from 0.87 (Group 3 (VATG)) to 0.94 (Group 2 (ATG)). The results showed that 
for statements associated with ECL, Cronbach alphas ranged from 0.89 (Group 2 (ATG)) to 0.91 
(Group 3 (VATG)).  Finally, the results showed that for statements associated with GCL, 
Cronbach alphas ranged from 0.87 (Group 3 (VATG)) to 0.96 (Group 2 (ATG)). All scale items 
have acceptable Cronbach alphas of greater than 0.50 (Tuckman, 1999). Therefore, the Cognitive 
Load Instrument adequately measures cognitive load (See Table 9). 
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Table  9 
 
Means (SD) and Reliabilities of Cognitive Load  Scores based on Cognitive Load Instrument within each 
Multimedia Group (n=108) 
 
 Group 1 (TG) (n=38) Group 2 (ATG) (n=36) Group 3 (VATG) (n=34) 
Cognitive Load  M (SD) α M (SD) α M (SD) α 
ICL 5.4 (2.4)  0.98 5.0 (2.5) 0.94 4.4 (2.4) 0.87 
ECL 4.1 (2.6)  0.97 3.4 (2.2) 0.86 2.9 (2.4) 0.91 
GCL 5.4 (2.5)  0.99 2.9 (2.4) 0.96 6.4 (2.2) 0.87 
  
 Additional Items from Stage II Pilot Study. Once the pilot study began, the researcher 
observed other items that needed to be addressed prior to beginning the actual study. First, the 
recruitment letter was revised to include screen shots and steps to complete the study, which was 
done as many students failed to remember all the parts they needed to complete for the study and 
where to locate the food science lecture materials. Second, due to e-mails concerning technical 
issues with food science lecture 12 material, the researcher created a technical document (See 
Appendix D for technical document). Third, the post-tests in the food science lecture materials 
were set from students having one attempt to unlimited attempts. Setting to unlimited attempts 
was at the discretion of the instructor as other knowledge assessments students took in the course 
were set to this. The researcher was able to access the first attempt scores from the post-tests. 
Fifth, the post-test questions within the four food science lecture materials were redesigned to be 
spaced out at consistent intervals (e.g. every 1-1.30 minutes a post-test question appeared), 
which was done in an attempt to avoid students by-passing questions as, when they were spaced 
close together (e.g. every two seconds apart), students neglected to answer them. Sixth, reminder 
announcements about when and what students had to complete for the study were posted in 
Compass 2g (See Appendix E for the technical documents). The reason this was done to avoid 
students failing to remember when each food science lecture material became available and all 
steps they needed to complete for the study. Additionally, the researcher came into class the day 
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the food science lectures 12 and 27 materials opened to refresh students’ memories about what 
they needed to do to complete the study. Seventh, the Cognitive Load Instrument was set to open 
after students reviewed each material to avoid them accessing it prior to viewing the food science 
lecture materials. Lastly, the Cognitive Load Instrument had the titles of the specific food science 
lecture material (i.e. Food Science Lecture 12 Material Cognitive Load Instrument). This 
revision had to be done as certain students, who were excluded from the pilot study, were 
submitting instruments from food science lecture materials that were closed. For example, a 
student failed to submit their Cognitive Load Instrument for food science lecture 15 material. 
Thus, when the Cognitive Load Instrument opened for the food science lecture 27 material, the 
student submitted two instruments - one checked for lecture 15 and one checked for lecture 27. 
Stage III Pilot Study 
 The third stage of the pilot study involved focus groups. The researcher recruited students 
in early November via an announcement placed in Compass 2g of the FSHN 101 course (See 
Appendix H for recruitment information). A total of 16 students participated in the focus groups. 
The students were representative of each multimedia group: Group 1 (TG) - 4, Group 2 (ATG) - 
8, and Group 3 (VATG) - 4. The students were 6 males (38%) and 10 females (63%), and 69% 
were freshmen, and 75% were non-science majors.  
 Procedures. The students reviewed the food science lectures 15, 27, and 28 materials at 
the focus group session to refresh their memories. Lecture 12 was omitted as students had 
technical difficulties with this in the FSHN 101 course. Students also reviewed the Cognitive 
Load Instrument. The researcher followed a focus group protocol and asked the focus group 
participants five questions (See Appendix I for further information about the focus group 
protocol): 
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1. Overall, what were your thoughts about the design of the food science lecture materials? 
2. What were your thoughts about the content of the food science lecture materials? 
3. Do you have specific suggestions to improve the content and design within a particular  
food science lecture material (i.e. lectures 15, 27 and/or 28)? 
 
4. Focusing on Leppink and colleagues’ (2013) Cognitive Load Instrument, did you 
understand the statements? 
 
5. What suggestions do you have to improve the Cognitive Load Instrument? 
Results of Stage III 
  The purpose of the third stage of the pilot study was to capture students’ thoughts 
concerning the design and content of the food science lecture materials and the Cognitive Load 
Instrument. The focus group was done in an attempt to revise the food science lecture materials 
and the Cognitive Load Instrument prior to the actual study. In regards to the food science 
lecture materials, there was a mix of positives and suggestions for improvement within the three 
multimedia groups. For the first question about the design of the food science lecture materials, 
the majority of positive comments were the ability to self-pace (e.g. pause, play, and stop), the 
post-test questions that appeared periodically throughout the materials, and length of time to 
view the food science lecture materials. For both Groups 2 (ATG) and 3 (VATG), the 
participants liked to hear and see the instructor.  
Design issues that were apparent throughout all the multimedia groups were lack of 
pictures and colors, and no indication of the amount of the post-test questions within the food 
science lecture materials. In Group 1(TG), students commented that they became bored with the 
reading and felt the pace was too slow. For Group 2 (ATG), students said the instructor spoke 
too fast, and there were not enough words on the slides. For Group 3 (VATG), students reported 
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that the instructor needed a laser pointer as her hands would fade out of the screen when she 
pointed to parts of the slides. There also needed to be more words on the slides.    
 Regarding the second question about content, students positively commented about the 
opportunity to review difficult concepts within the food science lecture materials, that the 
information was easy to understand, and they enjoyed the post-test questions that appeared. The 
one common theme students reported to improve the content was providing different examples 
or presenting the information differently than what was discussed in classes for the three 
multimedia groups.  
 As a result from the comments provided from the participants in the focus groups, the 
three multimedia types were revised. These revisions consisted of rewriting the post-test 
questions to relate directly to the content presented in the food science lecture materials. 
Examples provided in the food science lecture materials (i.e. graphics and ways to solve 
problems) were different than the examples provided in lectures. Since the researcher was 
adhering to the off-loading method when designing Groups 2 (ATG) and 3 (VATG), transcripts 
of the audio and video food science lecture materials were made available within Compass 2g. 
Transcripts were made available to avoid using more words on the MS PowerPoint slides that 
could result in an increase in ECL. Lastly, more information was provided to enhance their 
understanding of the topics.  
 In regards to the Cognitive Load Instrument, students commented the instrument needed 
to be specific to the food science lecture material being viewed as the statements were difficult to 
understand. For instance, the Cognitive Load Instrument for food science lecture 12 material 
should include statements surrounding that material. Also, students thought the statements 
appeared to be similarly worded, thus responded the same for all ten statements. Finally, they felt 
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the scale could be shortened from 0-10 to 1-5 as they were not able to differentiate between a 3 
and 4 or a 6 and 7. From the comments provided, the researcher created specific instruments for 
each food science lecture materials. For instance, a Cognitive Load Instrument was created for 
students to focus only on the material and design within food science lecture 12 material. Then 
another Cognitive Load Instrument was created for students only to focus on the material and 
design within food science lecture 15 material. Additionally, the scale was revised to 1 (not at all 
the case) to 5 (completely the case).  
 Once the revisions from the Cognitive Load Instruments were complete, four graduate 
students within Food Science and Human Nutrition department reviewed the instrument for face 
validity. Based on comments from these students, the statements were further revised to address 
the specific food science lecture material content (See Appendix G for Cognitive Load 
Instrument). 
Conclusions from the Pilot Study 
 The four food science lecture materials within the three multimedia groups were revised. 
These revisions included: 1) three learning objectives for each food science lecture material, 2) 
the same scripts being used, 3) instructor speaking slowly in the ATG and VATG food science 
lecture materials, so timing was consistent, 4) spacing out post-test questions evenly, 5) 
including arrows and lines to orient students to information, 6) structuring the slides similarly, 
and 7) providing different examples in the food science lecture materials than the classes.  
 For the particular instruments, based on results from stage II, the scale in the EBI was 
revised to 1 (strongly disagree) to 5 (strongly agree). Based on results from stage III, the 
Cognitive Load Instrument’s scale was revised to 1 (completely not the case) to 5 (completely 
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the case). Also, the statements within the Cognitive Load Instrument were revised to coincide 
with the specific food science lecture materials.  
Setting for Spring 2014 Study 
This study was IRB approved and took place in Spring 2014 at the University of Illinois-
Urbana, Champaign (UIUC). This university is a land - grant public university that has a large 
student population. In Spring 2014, 30,912 undergraduates were enrolled at UIUC. The total 
undergraduate population composition for Spring 2014 was 56% male and 44% female. The 
race/ethnicity for the total undergraduate population for Spring 2014 was: Caucasian 53%, Asian 
15%, Black 5%, and Hispanic 8%. Presently, there are 197 active majors within UIUC 
(University of Illinois, 2014). Regardless of the student’s major, the student needs to take general 
education courses. UIUC has indicated students need to take general education courses within 
the following subject areas: language, cultural studies, humanities and the arts, composition I, 
advanced composition, natural sciences and technology, social and behavioral sciences, and 
quantitative reasoning. The general education courses generally have a large enrollment (i.e. 
greater than 100 students), a diverse amount of students from different majors and grade levels 
(i.e. freshmen- senior), and a variety of age groups (i.e. 18-22 years old). Therefore, a course 
within UIUC that fulfills one of the natural sciences and technology general education 
requirements and meets the above characteristics of a general education course is FSHN 101 
Introduction to Food Science and Human Nutrition.  
FSHN 101 is a large enrollment (~400 students) blended course. The instructor requires 
students to attend face-to-face classes three times per week and complete tasks asynchronously 
through Compass 2g. Compass 2g is an enterprise learning management system at UIUC 
powered by Blackboard
TM
. The course introduces students to basic concepts in food science and 
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human nutrition and the course is divided into four content sections: 1) nutrition and health, 2) 
food composition and chemistry, 3) food microbiology and processing, and 4) food laws, quality, 
and the consumer. The study used particular topics within the second and third content sections. 
The discussion of these topics occurs during weeks six through twelve of the course.  
Participants 
In Spring 2014, 420 students were enrolled in FSHN 101. The researcher discussed the 
parts of the study to students in class two weeks after the start of the course. The researcher 
explained to students that the activities were part of the course assignment and were consenting 
to share their data with the researcher. The instructor was aware of the study, but was unable to 
know who had consented to share data with the researcher. The researcher provided a link to the 
consent forms in Compass 2g (Refer to Appendix C for the recruitment and consent letters). 
Students had to consent to the study prior to food science lecture 12 material becoming available, 
which was in two weeks.  
Instruments 
 The data collection was done with two self-reported instruments, two pre-tests, and four 
post-tests. These self-reported instruments were the EBI and demographic questionnaire and the 
Cognitive Load Instrument (one done for each of the food science lecture materials for a total of 
four completed Cognitive Load Instruments). The creation of the instruments took place in 
WebTools™ and they were accessible on the university Web server as a web-based form. The 
two pre-tests were available within the course and accessed through Compass 2g. The post-tests 
were within the four food science lecture materials and were created using Camtasia
TM
. All 
instruments were available in Compass 2g to students regardless if they consented to the study as 
these were assignments within the FSHN 101 course. 
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Epistemic Belief Inventory and Demographic Questionnaire 
 Epistemic Belief Inventory. The Epistemic Belief Inventory (EBI) designed by Schraw 
and colleagues (2002) was used for this study as it has been utilized in online and web-based 
formats (Ayatollahi et al., 2012; Barnard et al., 2008; Chan et al., 2011; Mohamed & El-Habbal, 
2013; Scheiter et al., 2009). The instrument contained 32 statements, which was based on a 
Likert scale of 1 (strongly disagree) to 5 (strongly agree) and assessed five dimensions: source of 
knowledge, certainty of knowledge, structure/organization of knowledge, control of knowledge, 
and speed of knowledge acquisition (See Appendix E for the EBI). Students were considered 
naive or sophisticated in their learning beliefs based on averaging learning belief dimension 
statement items. Seven of the 32 statements on the EBI were reverse coded (questions 2, 6, 14, 
20, 24, 30, and 31). For example, the seven statements from the source of knowledge dimension 
were averaged for a total score. The students who indicated a score of 1-3.4 for each dimension 
were considered sophisticated in their learning beliefs. Students who indicated a score of 3.5-5 
for each dimension were considered naive in their learning beliefs (See Table 10). 
 
Reliability of the EBI. Schraw and colleagues (2002) analyzed a 28 item version of the 
EBI and indicated the reliability ranged from 0.58 to 0.68 in all five dimensions. DeBacker and 
Table 10 
EBI instrument 
   
EBI variable Definition of variable Measure Reliabilities based on 
Schraw and colleagues 
(2002) 
Simple knowledge Knowledge consists of discrete facts 7 statements 0.62 
Certain knowledge Absolute knowledge exits and will eventually 
be known 
8 statements 0.62 
Omniscient authority Authorities have access to otherwise 
inaccessible knowledge 
5 statements 0.68 
Innate ability The ability to acquire knowledge is endowed 
at birth 
7 statements 0.62 
Quick learning Learning occurs in a quick or not at all fashion 5 statements 0.58 
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Crowson (2006) conducted a study with the use of the EBI (Schraw et al., 2002) and determined 
the internal reliabilities to be 0.55 for the structure of knowledge learning belief dimension, 0.59 
for the certainty of knowledge learning belief dimension, and 0.64 for the source of knowledge 
learning belief dimension. Hardré, Crowson, Ly, and Xie (2007) compared the EBI (Schraw et 
al., 2002) scores for internal consistencies in different formats: paper and pencil, computer - 
based, and web - based, for internal consistencies. Cronbach alphas ranged from 0.44 (structure 
of knowledge) to 0.75 (control of knowledge acquisition) in paper and pencil format. Cronbach 
alphas ranged from 0.42 (speed of knowledge acquisition) to 0.75 (control of knowledge 
acquisition) in computer - based format. Finally in web - based format, Cronbach alphas ranged 
from 0.43 (structure of knowledge) to 0.79 (speed of knowledge acquisition). Thus, internal 
consistencies were similar in all three formats. DeBacker, Crowson, Beesley, Thoma, and 
Hesteveold (2008) analyzed the EBI (Schraw et al., 2002) to determine the strength of the 
dimensions based on a confirmatory factor analysis (CFA). The CFA includes confirmatory 
factor index (CFI), goodness of fit index (GFI), and adjusted goodness of fit index (AGFI). Each 
of these measures has a standard of 0.95 as an indicator for optimal fit. Results indicated once 
the authors excluded items that were lowering the CFA scores the EBI (Schraw et al., 2002) CFI, 
GFI, and AGFIs’ were 0.89, 0.91, and 0.88, respectively. Andrade et al. (2013) administered the 
EBI (Schraw et al., 2002) through the web. The internal consistencies of the five dimensions 
were consistent with prior studies in that Cronbach alphas were 0.33 (source of knowledge), 0.54 
(structure of knowledge), 0.56 (certainty of knowledge), 0.67 (speed of knowledge acquisition), 
and 0.75 (control of knowledge acquisition).  According to Tuckman (1999), attitudinal and 
perception instruments can have an internal reliability of 0.5 and greater to be considered 
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acceptable. Thus, the EBI (Schraw et al., 2002) is relatively stable in measuring the learning 
beliefs dimensions. 
 Demographic Questionnaire. In conjunction with the EBI, students responded to five 
demographic questions: 1) Gender, 2) Race, 3) Year in School, 4) Age, and 5) Major. After the 
researcher had discussed the parts of the study in class, the EBI and demographic questionnaire 
WebTools
TM
 link was made available in Compass 2G. Students had two weeks to complete the 
EBI and demographic questionnaire. Students who did not complete the EBI and demographic 
questionnaire within this time frame were excluded from the study. As this study focused on 
student’s learning beliefs, multimedia types, and the effect these had on cognitive load, the 
researcher randomly distributed students into the three multimedia groups based on their 
demographic responses: Group 1 (TG), Group 2 (ATG), and Group 3 (VATG). This method of 
distributing groups may reduce the role demographics also has on cognitive load. For example, if 
one multimedia group has statistically more males than the other multimedia groups, the reason 
cognitive load may be higher is not only due to the students’ learning beliefs or multimedia they 
viewed, but also because there is a gender difference. 
Pre-tests 
 As part of the course, students took pre-tests, which were designed by the instructor of 
the course, within sections two and three to measure their prior knowledge in relation to the 
content presented in the food science lecture materials. There were a total of twelve questions 
that were evenly distributed among the food science lecture materials. For example, there were 
three questions that specifically related to the food science lecture 12 material. The 
administration of these pre-tests was before sections two and three began (See Appendix B for 
pre-tests). Students had 48 hours to complete both pre-tests when they became available and had 
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three minutes to answer each question. Students who did not complete the pre-tests within this 
time frame were excluded from the study. Students were unable to review their answers after 
they submitted the pre-tests due to these pre-test questions being the same as the post-test 
questions. This measure was taken to avoid students memorizing the answers. Students who 
answered 69% or below of the answers correctly were considered low prior knowledge as pre-
determined by a cut-off score of 70%. The Angoff modified method determined the cut-off 
score. Through this method, one content matter food science and human nutrition expert 
reviewed the test questions and decided based on the population the amount of students who 
would answer the questions correctly (Zieky, 2001). 
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Development of the Food Science Lecture Materials 
 For designing the food science lecture materials, the instructor used Camtasia
TM
 Studio 
for Windows v. 8.1 (TechSmith, 2013) and MS PowerPoint (Microsoft Office, 2010). 
Additionally, the instructor used other software for Groups 2 (ATG) and 3 (VATG). To record 
the instructor’s voice for Group 2 (ATG) food science lecture materials, the instructor used 
Microsoft Expression Encoder v. 4 Screen Capture. Expression Encoder is an audio recording 
device, and once recorded, the embedding of the voice file can be done with any Microsoft 
program (Microsoft, 2013). The instructor used Personify (previously Nuvixa StagePresence 
v.1.1.1) to create the videos for Group 3 (VATG). Once the instructor downloaded the Personify 
software, she used a motion detector to record herself in front of MS PowerPoint (Microsoft 
Office 2010) (Personify, 2012). Essentially a virtual presence was created for Group 3 (VATG) 
(See Figure 4).  
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Figure 4. Demonstration of Food Science Lecture Materials from Lectures 12-28 for all Three Multimedia Types. 
Text + Graphics on the left, Audio + Text + Graphics in the middle, and Video + Audio + Text + Graphics on the 
right. Reprinted with Permission. 
 
 The food science lecture materials were designed using Mayer’s nine CTML methods 
(Mayer & Moreno, 2003), which were discussed in chapter 2. For the off-loading method, the 
audio and video multimedia types had information presented in audio with minimal text. For the 
segmenting method, students were in control of moving the slides at their pace. Additionally, 
three post-test questions appeared throughout the MS PowerPoint slides to coincide with active 
Lecture 12: Chemical and Physical Properties of Water 
Lecture 15: Chemical and Physical Properties of Amino Acids 
Lecture 27: Energy Removal from Foods for Refrigeration and Freezing 
Lecture 28: Heat Resistance of Microorganisms (D-value) 
      Text + Graphics 
              (TG) 
Audio + Text + Graphics 
 (ATG) 
Video + Audio + Text + Graphics  
 (VATG) 
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segmenting. For the pre-training method, the instructor introduced water, amino acids, 
refrigeration and freezing of foods, and microorganisms in the classes prior to the food science 
lecture materials becoming available. For the weeding method, there were no irrelevant graphics. 
For the signaling effect method, each slide of the food science lecture materials contained 
headings of the content being discussed (i.e. calculating the D-value). For the aligning and 
synchronizing methods, the text multimedia type had printed words and graphics placed and 
presented on the same slide at the same time. For the audio and video multimedia types, the 
presentation of the narration and the placement of the printed words, and graphics were on the 
same slide. For the eliminating redundancy method, in the audio and video multimedia types, the 
printed words were to highlight the spoken information, thus were not redundant. Lastly, for the 
individualizing method, pre-tests were administered to assess students’ prior knowledge.  
Length of the Food Science Lecture Materials 
 Based on the feedback received from stage I of the pilot study, the instructor re-recorded 
the food science lecture materials in each of the multimedia types. The instructor used the same 
script and spoke slowly for the audio and video multimedia types. Thus, the multimedia types 
were of similar length based on the individual food science lecture materials. The length of the 
food science materials not only included the time it took the instructor to record each of these 
multimedia types, but also the time allowed to take the post-test questions. The maximum 
amount of time students had to complete post-test questions was fixed (i.e. three minutes per 
question for a total of three questions or nine minutes). As a result, the length of time for each 
lecture was similar across multimedia groups but varied across food science lecture materials as 
illustrated in Table 11.   
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Table  11 
 
Length of the Food Science Lecture Materials (in Minutes) within each Multimedia Group  
 
Food science lecture materials Group 1(TG Group 2 (ATG) Group 3 (VATG) 
Lecture 12  17.37 17.37 17.37 
Lecture 15  18.34 18.37 18.44 
Lecture 27  20.07 20.06 20.07 
Lecture 28  18.22 18.37 18.37 
 
Content of the Food Science Lecture Materials 
 The second (i.e. understand) and third (i.e. apply) levels of the revised Bloom’s 
taxonomy were used in creating the content and learning objectives of the food science lecture 
materials. Additionally, certain strategies were used to design the content to support students’ 
conceptual knowledge and procedural learning. The design strategy used to improve students’ 
conceptual knowledge was the expository approach. In this approach, the instructor first 
discusses the concept and provides a number of examples and non-examples. Thus, it is expected 
that if students improved their conceptual knowledge, they would be able to explain the concept 
in their words (Smith & Ragan, 2005).  
 For students to improve their procedural learning, there is a four-step design strategy 
used. First, the instructor needs to establish if a procedure is needed for students to complete a 
task (concept recognition). Second, the student needs to recall the steps within the procedure 
(declarative knowledge). Third, students complete the steps in the procedure. Finally, the 
instructor analyzes the completed procedure and confirms/disconfirms the procedure has been 
applied correctly (Smith & Ragan, 2005). Even though the content difficulty, learning objectives, 
and types of learning were similar in all food science lecture materials, the specific topics 
differed.  
 Food Science Lecture 12 Material. The instructor explained the phases of the water 
molecule and discussed how temperature and pressure affects molecular mobility. In particular, 
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students needed to understand how to read and interpret the phase diagram to determine how 
temperature and pressure affects the water molecule. There were three learning objectives for 
this food science lecture material. First, students were to identify the phases of pure water at 
various pressure and temperature combinations (Bloom’s taxonomy - understand). Second, 
students were to determine the effects of temperature and pressure on molecular mobility 
(Bloom’s taxonomy - apply). Third, students were to determine the effects of pressure on the 
temperature at which phase transitions occur (Bloom’s taxonomy - apply). 
 From the conceptual knowledge design strategy, the expository approach was used. In 
particular, the instructor explained the phase diagram and showed examples of how pressure and 
temperature impacts water mobility. Students then had to answer a post-test question about the 
phase diagram to ensure they understood how to interpret the phase diagram based on a scenario. 
 To improve students’ procedural learning about food science lecture 12 material, the 
researcher designed the content based on four of the procedural learning design steps. For the 
first two steps, the instructor explained the components to include when determining how 
pressure and temperature affects water mobility. For the third step, the instructor provided 
examples of determining water mobility. The final step had students solve two problems to 
determine the effects pressure and temperature have on water mobility. 
 Food Science Lecture 15 Material. The instructor discussed the structure and the net 
charges of amino acids in different pH conditions (e.g. acidic, neutral, and basic). Specifically, 
students had to compute the net charge of an amino acid based upon scenarios. There were two 
learning objectives based on this food science lecture material. First, students were to distinguish 
between the general structure of an amino acid in acidic, neutral, and basic pH conditions 
(Bloom’s taxonomy - understand). Second, students were to determine the net charge of an 
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amino acid at different pH conditions (i.e. acidic, neutral, and basic pH) (Bloom’s taxonomy – 
apply).  
 For students to understand concepts about amino acid, the researcher used the expository 
approach from the conceptual knowledge design strategy. In this circumstance, the instructor 
provided examples to explain the structure of amino acids in different pH conditions (e.g. acidic, 
neutral, and basic) and the net charges of amino acids in different pH conditions (e.g. acidic, 
neutral, and basic).  
 The design strategy used for students to apply their knowledge from the amino acid 
information presented to them was the procedural learning technique. The procedural learning 
has four steps. For the first two steps, students had to remember (i.e. declarative knowledge) 
amino acid information presented in class. For the next step, the researcher provided an example 
of how to calculate the net charge of an amino acid in a step-wise approach. For the fourth step, 
students had to compute the net charge of an amino acid based upon a scenario that was 
presented to them in a post-test question within the material.  
 Food Science Lecture 27 Material. The instructor discussed how to calculate energy 
removal from foods in refrigerated and frozen states. Prior to students learning how to calculate 
these different energy removals, they needed to understand the freezing curve and what 
differentiates one region from another (i.e. latent from sensible heats). Students also needed to 
understand the meaning behind each part of the refrigeration and freezing equations (e.g. weight 
of food and temperature of food) before being presented a problem. Students were to achieve the 
following three learning objectives from this food science lecture material. First, students were to 
use the freezing curve for a food system to identify the type of heat transfer that occurs (i.e. 
sensible heat transfer or latent heat transfer) during the refrigeration and freezing process 
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(Bloom’s taxonomy - understand). Second, students were to use the energy removal equations to 
calculate the amount of energy removed when cooling a specific food from its original 
temperature down to a specific refrigeration temperature (Bloom’s taxonomy – apply). Third, 
students needed to use the energy removal calculations to determine the amount of energy 
removed when freezing a specific food from its original temperature down to a specific 
temperature below its freezing point (Bloom’s taxonomy – apply).  
 As with food science lecture 15 material, the content design of the food science lecture 27 
material was from the conceptual knowledge expository approach. Based on this design strategy 
the researcher embedded a freezing curve within the material, the instructor explained the 
difference between one region to another by providing an example. Students then had to answer 
a post-test question that assessed their ability to interpret the freezing curve.  
 In regards to the procedural learning design strategies, for the first two steps students 
were provided with the meaning behind each component being part of the refrigeration and 
freezing equations to improve their declarative knowledge. Students were given examples of 
how to determine energy requirements in refrigerated and frozen states. Finally, students were 
presented problems to solve in the post-test questions.  
 Food Science Lecture 28 Material. The instructor discussed the variables that impact 
the decimal reduction time (D-value) of a given microorganism. Additionally, information was 
presented about the methods used to determine D-value of microorganisms in different situations 
(e.g. cold or hot temperatures). The instructor discussed and showed in detail two different ways 
to calculate the D-value, a short - hand method and a long hand method. Based on these methods, 
students needed to solve a problem based on either of these methods. There were three specific 
learning objectives for this food science lecture material. First, students were to identify some 
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physical and chemical variables that influence the D-value for microorganisms (Bloom’s 
taxonomy - understand). Second, students were to calculate the processing time required for a 
specific microorganism given the initial microbial count, the final microbial count, processing 
temperature and the D-value (Bloom’s taxonomy – apply). Third, students were to calculate the 
D-value specific microorganisms given the initial microbial count, the final microbial count, the 
total processing time, and processing temperature (Bloom’s taxonomy – apply).  
 For the conceptual knowledge design strategy, the expository approach was used. The 
researcher included a description about D-value and the factors that impact the D-value of a 
microorganism. Students then had to answer a post-test question to determine their 
understanding of how factors impact the D-value.  
 For the design strategy used for procedural learning, the researcher built off of the 
information already presented in the slides as students had declarative and conceptual knowledge 
about D-value. For the third step, the instructor presented the methods used to determine D-value 
of microorganisms in different situations (e.g. cold or hot temperatures). The instructor discussed 
and showed in detail two different ways to calculate out the D-value - a short - hand method and 
a long hand method. For the fourth step, students were presented with a post-test question and 
needed to solve that problem based on either the short or long-handed method.  
Viewing the Food Science Lecture Materials 
 Students reviewed four food science lecture materials within sections two (lectures 12 
and 15) and three (lectures 27 and 28). These topics were chosen as the average exam scores 
from 2010-2012 for each food science lecture material was low. The average exam scores from 
the questions surrounding lecture 12 information were 68.7% and for lecture 15 were 60.2% 
compared to the average overall exam scores of 70.5% ± 13.0 for section two. The average exam 
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scores from the questions surrounding lecture 27 were 73.5% and for lecture 28 were 75.1% 
compared to the average overall exam scores of 77.6% ±12.0 for section three. As these were 
considered additional course materials, students were able to view them after the instructor’s 
presentations on the topics during regularly scheduled classes. These food science lecture 
materials were available to students for 48 hours. Compass 2g recorded the length of time 
students spent on the food science lecture materials. Students who did not view a particular food 
science lecture material within 48 hours, their data was not analyzed from that particular food 
science lecture material. 
Post-tests 
 The researcher placed post-test questions within each of the food science lecture 
materials to assess students’ understanding of the topics. There were a total of 12 questions. The 
three questions were strategically placed in each food science lecture material by the use of 
Camtasia Studio for Windows v. 8.1 (TechSmith, 2013). The post-test questions were spaced out 
in a timely fashion and were labeled (i.e. Question 1 out of 3) to prevent students from by-
passing these questions. In food science lecture 12 material, the second post-test question 
appeared 1.67 minutes after the first question, and the third question appeared 2.15 minutes after 
the second question. For food science lecture 15 material, the second question appeared 2.50 
minutes after the first question appeared, and the third question appeared 5.35 minutes after the 
second question. In food science lecture 27 material, the second question appeared 5.20 minutes 
after the first question, and the third question appeared 2.06 minutes after the second. For the 
final food science lecture 28 material, the second question appeared 3.27 minutes after the first 
question, and the third question appeared 3.22 minutes after the second. Students were unable to 
by-pass questions and had to answer them prior to moving onto the next section of the food 
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science lecture materials (See Appendix C for the post-test questions). Each post-test question 
was worth five points with a maximum point value of 15. Students had unlimited attempts to 
take these post-tests. The researcher was able to download their first attempt on Compass 2g. 
The researcher encouraged students to view the food science lecture materials their first time to 
reduce the number of students who would by-pass the information presented in these materials to 
take just the post-test questions. Compass 2g recorded the scores from the post-tests. Since the 
post-tests were available within the food science lecture materials, if students did not access a 
particular food science lecture material, their data from these post-test questions were not 
included in that analysis. 
Cognitive Load Instrument 
 The researcher used a modified version of the Leppink and colleagues’ (2013) Cognitive 
Load Instrument to determine students’ Intrinsic (ICL), Extraneous (ECL), and Germane (GCL) 
cognitive loads after viewing each of the four food science lecture materials. This self-reported 
instrument was chosen as it is currently the only quantitative instrument to measure all three 
cognitive loads. There were a total of ten statements. Three statements were averaged to 
determine students’ ICL, three statements were averaged to determine students’ ECL, and four 
statements were averaged to determine students’ GCL. The scores were based on a five point 
Likert scale and ranged from (1) not at all the case to (5) completely the case (See Appendix G 
for the Cognitive Load Instrument). Scores on the low end of the scale indicated students 
experienced a low amount of cognitive load when viewing the material. Scores on the high end 
of the scale indicated students experienced a high amount of cognitive load type when viewing 
the material. Once students viewed each of the four food science lecture materials, they 
completed the Cognitive Load Instrument. Students who did not submit the Cognitive Load 
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Instrument for a particular food science lecture material; their data was excluded from that 
analysis.  
 Reliability of the Cognitive Load Instrument. Leppink and colleagues (2013) 
conducted four separate studies on the Cognitive Load Instrument to test the validity and 
reliability of this instrument. In the first study, they conducted an exploratory analysis, and 
results revealed Cronbach alpha coefficients for ICL was 0.81, for ECL was 0.75 and for GCL 
was 0.82. In the second and third studies, they conducted a confirmatory analysis and results 
showed statements had a factor loading of 0.65 to 0.95. Thus, the statements were able to 
measure the particular type of cognitive load. In the fourth study, they correlated scores from 
their instrument with students’ post-test scores. Results revealed there was no significant 
relationship between post-test scores and the scores from the Cognitive Load Instrument. The 
authors concluded subjects’ characteristics, teaching style, and the environment may have a 
bearing on students’ post-test scores.  
Data Collection 
The collection of the data was done through the web for convenience to determine if 
multimedia types are moderators/mediators to the relationship between learning beliefs and the 
impact on cognitive load. Table 12 shows the data collection matrix for the independent 
variables (IV) and dependent variable (DV) within this study. 
Table 12 
 
Data Collection Matrix Indicating the Independent Variables (IV) and Dependent Variables (DV) 
 
Research Questions IV DV 
1) What multimedia types moderate the relationship between 
learning beliefs and cognitive load? 
2) What multimedia types mediate the relationship between 
learning beliefs and cognitive load?  
-Learning Beliefs 
 
-Learning Beliefs 
 
-Cognitive Load  
 
-Cognitive Load 
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Procedure  
The experimentally designed study was conducted in FSHN 101 Introduction to Food 
Science and Human Nutrition course in Spring 2014 at the UIUC. The activities took place 
asynchronously through Compass 2g, an enterprise learning management system at UIUC 
powered by Blackboard
TM
. The activities within the course were part of a required assignment, 
thus students consented to the researcher using their data. The instructor will be able to 
participate in the lecture, but will not know which students consented to share their data.  Also, 
the instructor will not know the students’ learning beliefs or cognitive load scores until after the 
study has concluded. The study consisted of five stages: 1) recruitment and students’ consents, 2) 
completion of the EBI and demographic questionnaire. Additionally, based on students 
demographic information, they were randomly assigned into one of three multimedia groups: 
Group 1 (TG), Group 2 (ATG), or Group 3 (VATG), 3) students answered the pre-test questions 
in sections two and three, 4) students viewed the four food science lecture materials and 
answered the post-test questions, and 5) filled out the Cognitive Load Instrument after viewing 
each of the food science lecture material (See Figure 5). 
 
a) Recruitment/ 
Students' consented 
 
a) Students completed the 
EBI and demographic 
survey 
b) Students randomly 
assigned to one of three 
multimedia groups based 
on their demographic 
information 
 
a) Pre-test- Determine 
students' prior knowledge 
of the food science lecture 
materials  
a) Students viewed the 
food science lecture 
materials in either Group 
1 (TG), Group 2 (ATG,) 
or Group 3 (VATG) 
b) Students took the post-
tests in each food science 
lecture material 
Students filled out the 
Cognitive Load Instrument 
for each food science 
lecture material (a total of 
four they submitted) 
 
Figure 5. Study Procedure 
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Data Analysis 
 The study served to determine if multimedia types are moderators/mediators to the 
relationship between learning beliefs and the impact on cognitive load. The data analysis 
consisted of three stages: 1) data reduction, 2) maximum likelihood estimate method and 3) 
multiple-linear regressions. The researcher analyzed these three stages for each food science 
lecture material. Thus, a total of four- three stage analyses were completed. For stages two and 
three, an alpha level of 0.05 was deemed significant. For the third stage, the moderator effect 
sizes based on f
2
 was 0.005 for small, 0.010 for medium, and 0.025 for large (Aguinis, Beaty, 
Boik, & Pierce, 2005). The mediator effect sizes based on r
2
 was 0.01 for small, 0.09 for 
medium, and 0.25 for large (Preacher & Kelley, 2011). IBM SPSS Statistics v 21
TM
 was the 
software used to perform these analyses.  
1. Data reduction - The first step was to run an exploratory factor analysis of both 
instruments (the EBI and the Cognitive Load Instrument) to establish the factor loadings 
of the statement items. After students had finished the 32 item EBI, all items were 
examined for item reliability via exploratory factor analysis with Varimax rotation to 
extract factors (Matsunaga, 2010). Based on the Kaiser rule (Kaiser, 1960), factors with 
eigenvalues greater than 1.0 were considered. Only dimensions and statements that had 
no cross-loadings and had factor loadings of 0.5 and above were retained. Additionally, 
those dimensions that only loaded one item were excluded (Ledesma & Valero-Mora, 
2007). Parallel analysis was then conducted to verify the findings of factor analysis since 
applying the K1 rule to extract factors might result in over or underestimation of these 
factors (Ledesma & Valero-Mora, 2007). The researcher hypothesized the factor loadings 
would be similar in this study as prior studies. Finally, the reliability of the instrument 
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was deemed acceptable with Cronbach alpha of 0.5 and higher as these were perception 
based instruments (Tuckman, 1999). This same method was applied to the Cognitive 
Load Instrument. 
2. Multiple likelihood estimate method - Prior to completion of the statistical tests, the 
multiple likelihood estimate method was done to estimate the models’ parameters (i.e. 
EBI scores). This method was done to determine if the EBI scores were evenly 
distributed among the three multimedia groups (Howell, 2010). This specific analysis 
was done due to results from prior studies showing that the EBI scores lacked in 
normality (Harbaugh, 2011; Hardré et al., 2007). To conduct the maximum likelihood 
estimate, only the learning belief dimensions and their statement items that met specific 
criteria (i.e. factor loadings Cronbach alphas of 0.5 and above) were used. The maximum 
likelihood estimate is obtained by maximizing the log-likelihood function. The equation 
to determine this log-likelihood function is: 
     
 
The likelihood ratio test was then performed to determine the model that best fit the 
parameters (Greene, 2011; Harbough, 2011; Myung, 2003).  
3. Multiple-linear regression - Since the study took place in a current course, it was difficult 
to control the independent variables. Thus, multiple-linear regression was able to check 
the relative levels of influence of the independent variables, provide richer data than 
simple statistical tests, and was best used for authentic situations (Pallant, 2010). A 
multiple linear regression analysis of the predictor variables (i.e. learning beliefs and 
multimedia) in the proposed model with the dependent variables (i.e. cognitive load) was 
performed. As with the maximum likelihood estimate analyses, only the statement items 
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from the instruments that met certain criteria (i.e. factor loadings of 0.5 and above and 
Cronbach alphas of 0.5 and above) were included in the multiple-linear regressions. 
a. To determine if multimedia types are moderators to the relationship of learning 
beliefs and the impact on cognitive load, the syntax, PROCESS for SPSS v 2.11 
(Hayes, 2014), will be used. The basic equation is as follows:  
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1. The particular coefficients are: 
a. Y= cognitive load based on the Cognitive Load Instrument 
scores from each type 
b. X1-X5= learning beliefs based on the EBI scores from each 
dimension 
c. M1-M3= multimedia based on the groups
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b. To determine if multimedia types are mediators to the relationship of learning 
beliefs and the impact on cognitive load, the Dudley, Benuzillo, and Carrico 
(2004) equation was used for SPSS v 21
TM
. There is a three stage analysis to 
determine if multimedia was the mediator. First stage was determining a 
relationship between learning beliefs and multimedia. The second stage was 
determining a relationship between learning beliefs and cognitive load. The final 
stage was determining a relationship with multimedia as a mediator. At this final 
stage, a Sobel test will be conducted to determine if full or partial mediation 
occurred. The researcher will use the following basic multiple-linear regression 
equation: 
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1. The particular coefficients are: 
 
a. Y= cognitive load based on the Cognitive Load Instrument 
scores from each type 
b. X1-X5= learning beliefs based on the EBI scores from each 
dimension 
c. M1-M3= multimedia based on the groups
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Summary 
The type of cognitive load one experiences when viewing materials in an asynchronous 
environment is a complex phenomenon and may be affected by several independent variables. In 
addition to descriptive statistics conducted in this study, inferential statistics was generated to 
understand the extent multimedia and dimensions of students’ learning beliefs have on cognitive 
load. Multiple linear regressions were appropriate statistical procedures for developing a model 
to describe this phenomenon. They provide not only information about the predictive ability of 
individual variables, but also determined which independent variable(s) in the model was 
significant to impact cognitive load.
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CHAPTER IV: RESULTS 
 The purpose of the study was to determine if multimedia types are moderators/mediators 
to the relationship between students’ learning beliefs and the impact on cognitive load. This 
chapter presents descriptive and inferential analyses of the study data as related to the sample 
demographics and to the study’s research questions:  
1) Which multimedia types moderate the relationship between learning beliefs and the 
impact on cognitive load?  
2) Which multimedia types mediate the relationship between learning beliefs and the impact 
on cognitive load (See Figure 1)? 
The descriptive statistics of participants are presented first followed by a description of 
the data analyses that were done to answer the research questions. 
Descriptive Statistics of Participants 
 The study took place at the University of Illinois - Urbana, Champaign (UIUC) in the 
FSHN 101 Introduction to Food Science and Human Nutrition course in Spring 2014. The 
activities for the study were available asynchronously in Compass 2g. The researcher informed 
the students about the parts of the study in class two weeks after the course started and asked for 
their consent. As these activities were a course assignment, the researcher explained to students 
that the consent form was for the researcher to use their data. In Compass 2g, the researcher 
placed the document that explains all parts of the study and links to the consent forms (See 
Appendix C for recruitment and consent forms). Initially, 346 students consented to participate 
in the study. The 346 students completed the EBI and demographic questionnaire. After 
completing this questionnaire, these 346 students were randomly distributed among the three 
multimedia groups, Group 1 (TG), Group 2 (ATG), and Group 3 (VATG). Students were 
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randomly distributed based on their demographic responses from the five questions (i.e. gender, 
race, year in school, age, and major). Their demographic responses were placed in SPSS v 21
TM
 
and then randomly sorted and split to create three even groups. The final numbers of students in 
each of the three multimedia groups were as follows: Group 1 (TG) - 118 students, Group 2 
(ATG) - 113 students and Group 3 (VATG) - 115 students. Once students were assigned to a 
particular multimedia group they remained in that group for the entire study. As the food science 
lecture materials were analyzed individually, the numbers of students for each food science 
lecture material within all the multimedia groups were as follows: food science lecture 12 
material - 303 students, food science lecture 15 material - 278 students, food science lecture 27 
material - 269 students, and food science lecture 28 material - 267 students (See Table 13).  
Table 13 
 
Number of Students who Completed a Food Science Lecture Material within their Specific Multimedia Group 
 
Multimedia Group Food Science Lecture Material 
 12  15  27  28  
Group 1 (TG) 104 98 88 87 
Group 2 (ATG) 96 82 90 90 
Group 3 (VATG) 103 98 91 90 
Total Number of Students 303 278 269 267 
Note. TG= Text + Graphics, ATG= Audio + Text + Graphics, VATG= Video + Audio + Text + Graphics 
  
 Further description about the breakdown of multimedia groups will be discussed under 
demographics. This study met the prescribed sample size for all food science lecture materials, 
which was based on regression analysis effect size of 0.5 with significance level of α= 0.05 and 
power of 95% (Erdfelder, Faul, & Buchner, 1996).   
 The four food science lecture materials were designed based upon the nine methods of 
Mayer’s CTML. Additionally, the learning objectives for the four food science lecture materials 
were based on Bloom’s second (i.e. understand) and third (i.e. apply) levels of his revised 
taxonomy. Thus, students who viewed these food science lecture materials could potentially 
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improve upon their conceptual knowledge and procedural learning dependent upon the specific 
food science lecture material’s content. In particular, for food science lecture 12 material, 
students needed to understand how to read and interpret the phase diagram (i.e. conceptual 
knowledge) and to determine how temperature and pressure affects the water molecule (i.e. 
procedural learning). For food science lecture 15 material, students needed to understand the 
impact pH has on net charges of amino acids (i.e. conceptual knowledge) and had to compute the 
net charge of an amino acid based upon scenarios (i.e. procedural learning). For food science 
lecture 27 material, students needed to understand the freezing curve and what differentiates one 
region from another (i.e. conceptual knowledge). Students were also expected to calculate energy 
requirements based upon refrigerated and frozen states (i.e. procedural learning). For food 
science lecture 28 material, students had to identify the factors that impacted the D-value of a 
microorganism (i.e. conceptual knowledge) and they needed to determine the D-value of a 
microorganism based on a scenario (i.e. procedural learning).  
Demographics Based on the Food Science Lecture Materials 
Since the data from the food science lecture materials were analyzed individually due to 
the amount of students who participated, students’ demographic information were reported for 
each food science lecture material. For food science lecture 12 material, 303 students 
participated; of these, 120 were males (40%) and 183 were females (60%), were primarily 
freshman in college (51%) and a majority were non-majors of science (52%). Additionally, 36% 
of the students were Caucasian with the remaining 59% consisting of 30% multi-racial, 17% 
Asian, and 6% Hispanic, and 6% Black; 5% preferred not to answer. For these variables, the 
distribution of participants in sub-categories (e.g. male or female) was not associated with the 
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multimedia types among all four food science lecture materials (Chi-square, p > 0.05) (See Table 
14).
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For food science lecture 15 material, 278 students participated; of these, 112 were males 
(40%) and 166 were females (60%), were primarily freshman in college (50%) and a majority 
were non-majors of science (53%). Additionally, 38% of the students were Caucasian with the 
remaining 58% consisting of 30% multi-racial, 16% Asian, and 6% Hispanic, and 6% Black; 4% 
preferred not to answer. For these variables, the distribution of participants in sub-categories 
(e.g. male or female) was not associated with the multimedia types among all four food science 
lecture materials (Chi-square, p > 0.05) (See Table 15). 
 
Table 14 
 
Participants’ Demographics in each Multimedia Group from Food Science Lecture 12Material (n=303) 
 
Characteristics Group 1 (TG) 
(n= 104 ) 
Group 2 (ATG) 
(n= 96 ) 
Group 3 (VATG) 
(n= 103) 
Total (%) p * 
Gender     
   Male 41 33 46 120 (40) 0.34 
   Female 63 63 57 183 (60) 0.82 
Year in School      
   Freshman 51 53 51 155 (51) 0.98 
   Sophomore 26 22 26 74 (24) 0.75 
   Junior 16 14 18 48 (16) 0.78 
   Senior 11 7 8 26 (9) 0.64 
Age (years)      
   18-19 61 60 62 183 (60) 0.98 
   20-21 32 29 31 92 (31) 0.91 
   22+ 11 7 10 28 (9) 0.72 
Race      
   American Indian 0 1 1 2 (0) 0.61 
   Asian  21 14 15 50 (17) 0.21 
   Black 6 7 5 18 (6) 0.70 
   Hispanic 9 5 5 19 (6) 0.42 
   Caucasian 38 31 41 110 (36) 0.75 
   Other 26 33 31 90 (30) 0.24 
   Prefer not to answer 4 5 5 14 (5) 1.00 
Major      
   Science 35 34 36 105(35) 0.97 
   Non-science 58 47 55 160 (52) 0.59 
   Other 11 15 12 38 (13) 0.74 
Note. *After Chi-square test of independence between food science lecture 12 material and multimedia groups.  
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For food science lecture 27 material, 269 students participated; of these, 102 were males 
(38%) and 167 were females (62%), were primarily freshman in college (52%) and a majority 
were non-majors of science (53%). Additionally, 37% of the students were Caucasian with the 
remaining 58% consisting of 27% multi-racial, 18% Asian, and 7% Hispanic, and 6% Black; 3% 
preferred not to answer. For these variables, the distribution of participants in sub-categories 
(e.g. male or female) was not associated with the multimedia types among all four food science 
lecture materials (Chi-square, p > 0.05) (See Table 16). 
 
Table 15 
 
Participants’ Demographics in each Multimedia Group from Food Science Lecture 15Material (n=278) 
 
Characteristics Group 1 (TG) 
(n= 98) 
Group 2 (ATG) 
(n= 82) 
Group 3 (VATG) 
(n= 98) 
Total (%) p* 
Gender     
   Male 39 29 44 112 (40) 0.25 
   Female 59 53 54 166 (60) 0.88 
Year in School      
   Freshman 48 44 48 140 (50) 0.92 
   Sophomore 25 19 26 70 (25) 0.60 
   Junior 14 13 17 44 (16) 0.61 
   Senior 11 7 7 25 (9) 0.71 
Age (years)      
   18-19 58 51 59 168 (60) 0.71 
   20-21 30 25 31 86 (31) 0.78 
   22+ 10 7 8 25 (9) 0.89 
Race      
   American Indian 0 1 1 2 (0) 0.61 
   Asian  20 11 14 45 (16) 0.25 
   Black 6 7 5 18 (6) 0.85 
   Hispanic 8 4 4 16 (6) 0.59 
   Caucasian 37 25 40 102 (38) 0.16 
   Other 23 31 30 84 (30) 0.51 
   Prefer not to answer 4 4 4 12 (4) 1.00 
Major      
   Science 35 30 34 99(36) 0.81 
   Non-science 53 41 54 148 (53) 0.37 
   Other 10 12 10 32 (11) 0.91 
Note. *After Chi-square test of independence between food science lecture 15 material and multimedia groups.  
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For food science lecture 28 material, 267 students participated; of these, 109 were males 
(41%) and 158 were females (59%), were primarily freshman in college (54%) and a majority 
were non-majors of science (53%). Additionally, 39% of the students were Caucasian with the 
remaining 57% consisting of 27% multi-racial, 17% Asian, and 6% Hispanic, and 6% Black;  4% 
preferred not to answer. For these variables, the distribution of participants in sub-categories 
(e.g. male or female) was not associated with the multimedia types among all four food science 
lecture materials (Chi-square, p > 0.05) (See Table 17). 
 
 
Table 16 
 
Participants’ Demographics in each Multimedia Group from Food Science Lecture 27Material (n=269) 
 
Characteristics Group 1 (TG) 
(n= 88) 
Group 2 (ATG) 
(n= 90) 
Group 3 (VATG) 
(n= 91) 
Total (%) p* 
Gender     
   Male 36 28 38 102 (38) 0.51 
   Female 52 62 53 167 (62) 0.64 
Year in School      
   Freshman 45 47 48 140 (52) 0.97 
   Sophomore 23 22 23 68 (25) 0.94 
   Junior 12 12 14 38 (14) 0.93 
   Senior 8 9 6 23 (9) 0.87 
Age (years)      
   18-19 56 56 56 168 (62) 0.98 
   20-21 23 25 28 76 (28) 0.85 
   22+ 9 9 7 25 (10) 0.88 
Race      
   American Indian 0 1 1 2 (1) 0.61 
   Asian  19 14 15 48 (18) 0.71 
   Black 6 7 4 17 (6) 0.48 
   Hispanic 10 4 6 20 (7) 0.35 
   Caucasian 32 32 36 100 (37) 0.81 
   Other 19 29 25 73 (27) 0.35 
   Prefer not to answer 2 3 4 9 (3) 0.72 
Major      
   Science 30 31 28 89 (33) 0.86 
   Non-science 48 46 49 143 (53) 0.98 
   Other 10 13 14 37 (14) 0.69 
Note. *After Chi-square test of independence between food science lecture 27 material and multimedia groups.  
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Demographics Based on the Multimedia Groups 
 Based on the specific multimedia groups there was a difference from the first food 
science lecture material, 12, to the final food science lecture material, 28. In Group 1 (TG), the 
number of students who partook in a specific food science lecture material was as follows: 104 
(lecture 12), 98 (lecture 15), 88 (lecture 27), and 87 (lecture 28). Five of the students that were 
placed in Group 1 (TG) after completing the consent form and the EBI did not complete any of 
the food science lecture materials. Six of the students completed one of the food science lecture 
materials. Thirteen of the students completed two of the food science lecture materials. Thirty-
three of the students completed three of the food science lecture materials. Sixty-one of the 
Table 17 
 
Participants’ Demographics in each Multimedia Group from Food Science Lecture 28 Material (n=267) 
 
Characteristics Group 1 (TG) 
(n= 87) 
Group 2 (ATG) 
(n= 90) 
Group 3 (VATG) 
(n= 90) 
Total (%) p* 
Gender     
   Male 36 34 39 109 (41) 0.92 
   Female 51 56 51 158 (59) 0.88 
Year in School      
   Freshman 47 52 45 144 (54) 0.76 
   Sophomore 21 19 22 62 (23) 0.95 
   Junior 9 12 16 37 (14) 0.49 
   Senior 10 7 7 24 (9) 0.69 
Age (years)      
   18-19 56 60 54 170 (64) 0.88 
   20-21 22 23 28 73 (27) 0.75 
   22+ 9 7 8 24 (9) 0.88 
Race      
   American Indian 0 1 1 2 (1) 0.61 
   Asian  15 16 15 46 (17) 1.00 
   Black 6 6 4 16 (6) 0.82 
   Hispanic 7 4 4 15 (6) 0.55 
   Caucasian 35 28 40 103 (39) 0.41 
   Other 21 29 23 73 (27) 0.59 
   Prefer not to answer 3 6 3 12 (4) 0.47 
Major      
   Science 29 29 31 89 (33) 0.97 
   Non-science 45 49 46 140 (53) 0.94 
   Other 13 12 13 38 (14) 1.00 
Note. *After Chi-square test of independence between food science lecture 28 material and multimedia groups.  
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students that were placed within Group 1 (TG) completed the four food science lecture materials 
(See Table 18). 
Table 18 
 
Participants’ Demographics from each Food Science Lecture Material based on Group 1 (TG)  
 
Characteristics Lecture 12 (n= 104) Lecture 15 (n=98) Lecture 27 (n=88) Lecture 28 (n=87) 
Gender     
   Male 41 39 36 36 
   Female 63 59 52 51 
Year in School     
   Freshman 51 48 45 47 
   Sophomore 26 25 23 21 
   Junior 16 14 12 9 
   Senior 11 11 8 10 
Age (years)     
   18-19 61 58 56 56 
   20-21 32 30 23 22 
   22+ 11 10 9 9 
Race     
   American Indian 0 0 0 0 
   Asian  21 20 19 15 
   Black 6 6 6 6 
   Hispanic 9 8 10 7 
   Caucasian 38 37 32 35 
   Other 26 23 19 21 
   Prefer not to answer 4 4 2 3 
Major     
   Science 35 35 30 29 
   Non-science 58 53 48 45 
   Other 11 10 10 13 
  
 In Group 2 (ATG), the number of students who partook in a specific food science lecture 
material was as follows: 96 (lecture 12), 82 (lecture 15), 90 (lecture 27), and 90 (lecture 28). 
Three of the students that were placed in Group 2 (ATG) after completing the EBI and 
demographic questionnaire did not complete the food science lecture materials. Eleven of the 
students completed one of the food science lecture materials. Ten of the students completed two 
of the food science lecture materials. Twenty-two of the students completed three of the food 
science lecture materials. Sixty-seven of the students that were placed within Group 2  
(ATG) completed the four food science lecture materials (See Table 19). 
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Table 19 
 
Participants’ Demographics from each Food Science Lecture Material based on Group 2 (ATG)  
 
Characteristics Lecture 12 (n= 96) Lecture 15 (n=82) Lecture 27 (n=90) Lecture 28 (n=90) 
Gender     
   Male 33 29 28 34 
   Female 63 53 62 56 
Year in School     
   Freshman 53 44 47 52 
   Sophomore 22 19 22 19 
   Junior 14 13 12 12 
   Senior 7 7 9 7 
Age (years)     
   18-19 60 51 56 60 
   20-21 29 25 25 23 
   22+ 7 7 9 7 
Race     
   American Indian 1 1 1 1 
   Asian  14 11 14 16 
   Black 7 7 7 6 
   Hispanic 5 4 4 4 
   Caucasian 31 25 32 28 
   Other 33 31 29 29 
   Prefer not to answer 5 4 3 6 
Major     
   Science 34 30 31 29 
   Non-science 47 41 46 49 
   Other 15 12 13 12 
 
 In Group 3 (VATG), the number of students who partook in a specific food science 
lecture material was as follows: 103 (lecture 12), 98 (lecture 15), 91 (lecture 27), and 90 (lecture 
28). One participant that was placed in Group 3 (VATG) after completing the EBI and 
demographic questionnaire did not complete the food science lecture materials. Six of the 
students completed one of the food science lecture materials. Fifteen of the students completed 
two of the food science lecture materials. Twenty-two of the students completed three of the food 
science lecture materials. Seventy-one of the students that were placed within Group 3 (VATG) 
completed the four food science lecture materials (See Table 20). 
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Table 20 
 
Participants’ Demographics from each Food Science Lecture Material based on Group 3 (VATG)  
 
Characteristics Lecture 12 (n= 103) Lecture 15 (n=98) Lecture 27 (n=91) Lecture 28 (n=90) 
Gender     
   Male 46 44 38 39 
   Female 57 54 53 51 
Year in School     
   Freshman 51 48 48 45 
   Sophomore 26 26 23 22 
   Junior 18 17 14 16 
   Senior 8 7 6 7 
Age (years)     
   18-19 62 59 56 54 
   20-21 31 31 28 28 
   22+ 10 8 7 8 
Race     
   American Indian 1 1 1 1 
   Asian  15 14 15 15 
   Black 5 5 4 4 
   Hispanic 5 4 6 4 
   Caucasian 41 40 36 40 
   Other 31 30 25 23 
   Prefer not to answer 5 4 4 3 
Major     
   Science 36 34 28 31 
   Non-science 55 54 49 46 
   Other 12 10 14 13 
 
 The students who consented to the study were not required to provide an explanation as 
to why they did not complete the four food science materials. However, some students provided 
an e-mail to the researcher with a few reasons as to why they did not complete the four food 
science lecture materials. One reason was that they had forgotten about the food science lecture 
materials. The second reason was that they thought they had completed all aspects of the study 
(i.e. taking the post-tests and submitting their Cognitive Load Instrument). The third reason was 
that they did not have time to complete them due to priorities from their other classes. 
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Results from the Pre-Tests 
The mean of the pre-test scores show that 99% of the 303 students across all multimedia 
types had low prior knowledge to food science lecture 12 material as students were able to 
correctly answer 26% of the questions for lecture 12; 93% of the 278 students across all 
multimedia types had low prior knowledge to food science lecture 15 material as students were 
able to correctly answer 26% of the questions for lecture 15; 98% of the 269 students across all 
multimedia types had low prior knowledge to food science lecture 27 material as students were 
able to correctly answer 24% of the questions for lecture 27; 96% of the 267 students across all 
multimedia types had low prior knowledge to food science lecture 28 material as students were 
able to correctly answer 27% of the questions for lecture 28. The findings from the pre-tests 
show that students had limited prior knowledge about the topics the researcher had chosen. 
Additionally, one-way ANOVAs with Tukey post hoc tests were performed to compare the mean 
pre-tests scores from the food science lecture materials across the multimedia groups.   
Food Science Lecture 12 Material. Results from the food science lecture 12 material 
indicate that there was no difference between the mean pre-tests scores of the food science 
lecture materials among the multimedia groups, F (2, 301) = 0.62, p = 0.54. Tukey post-hoc 
comparisons of the three groups indicate that none of the three multimedia groups’ pre-test score 
means differed, p > 0.05 (See Table 21).  
Table 21 
 
Analysis of Variance and Tukey Post Hoc Results of Pre-test Scores within the Food Science Lecture 12 Material 
among the Multimedia Groups. Includes Means(SD)(n=303) 
 
Source M (SD) df SS MS F p 
Multimedia Groups  2 17.53 8.77 0.62 0.54 
  Group 1 (TG) 4.17 (3.71)     0.82 
  Group 2 (ATG) 3.85 (3.87)     0.88 
  Group 3 (VATG) 3.59 (3.73)     0.51 
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 Food Science Lecture 15 Material. Results from the food science lecture 15 material 
indicate that there was no difference between the mean pre-tests scores of the food science 
lecture materials among the multimedia groups, F (2, 276) = 0.82, p = 0.44. Tukey post-hoc 
comparisons of the three groups indicate that none of the three multimedia groups’ pre-test score 
means differed, p > 0.05 (See Table 22). 
Table 22 
 
Analysis of Variance and Tukey Post Hoc Results of Pre-test Scores within the Food Science Lecture 15 Material 
among the Multimedia Groups. Includes Means(SD)(n=278) 
 
Source M (SD) df SS MS F p 
Multimedia Groups  2 25.94 12.97 0.82 0.44 
  Group 1 (TG) 4.26 (3.87)     0.82 
  Group 2 (ATG) 3.90 (4.16)     0.80 
  Group 3 (VATG) 3.53 (3.95)     0.41 
 
 Food Science Lecture 27 Material. Results from the food science lecture 27 material 
indicate that there was no difference between the mean pre-tests scores of the food science 
lecture materials among the multimedia groups, F (2, 268) = 2.24, p = 0.11. Tukey post-hoc 
comparisons of the three groups indicate that none of the three multimedia groups’ pre-test score 
means differed, p > 0.05 (See Table 23). 
Table 23 
 
Analysis of Variance and Tukey Post Hoc Results of Pre-test Scores within the Food Science Lecture 27 Material 
among the Multimedia Group. Includes Means (SD)(n=269) 
 
Source M (SD) df SS MS F p 
Multimedia Groups  2 67.89 33.95 2.24 0.11 
  Group 1 (TG) 4.32 (4.23)     0.12 
  Group 2 (ATG) 3.35 (3.63)     0.95 
  Group 3 (VATG) 3.17 (3.81)     0.22 
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 Food Science Lecture 28 Material. Results from the food science lecture 28 material 
indicate that there was no difference between the mean pre-tests scores of the food science 
lecture materials among the multimedia groups, F (2, 266) = 1.30, p = 0.27. Tukey post-hoc 
comparisons of the three groups indicate that none of the three multimedia groups’ pre-test score 
means differed, p > 0.05 (See Table 24).  
Table 24 
 
Analysis of Variance and Tukey Post Hoc Results of Pre-test Scores within the Food Science Lecture 28 Material 
among the Multimedia Groups. Includes Means (SD)(n=267) 
 
Source M (SD) df SS MS F p 
Multimedia Groups  2 46.14 23.07 1.30 0.27 
  Group 1 (TG) 4.48 (4.32)     0.91 
  Group 2 (ATG) 4.22 (4.10)     0.48 
  Group 3 (VATG) 3.50 (4.20)     0.27 
 
 Results from the one-way ANOVAs and Tukey post hoc analyses suggest that students 
had low prior knowledge in each of the food science lecture materials among the multimedia 
groups. Thus, Mayer’s nine CTML methods used to design the food science lecture materials, 
creating learning objective based on Bloom’s second (i.e. understand) and third (i.e. apply) levels 
of his revised taxonomy, and using the expository approach and four steps of procedural learning 
to improve students’ conceptual knowledge and procedural learning would potentially assist 
those students in improving their conceptual knowledge and procedural learning regarding these 
topics. 
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Results from Pre- and Post-tests  
 Based on t-test analyses, students’ post-test scores were significantly higher than their 
pre-test scores after reviewing the four food science lecture materials across the three multimedia 
types. Table 25 provides students’ means, standard deviations, and p-values of the pre- and post-
test scores among the three multimedia types. These results imply that students’ improved their 
conceptual knowledge and procedural learning after viewing the food science lecture materials. 
Table 25 
 
Means (SD) of Pre- and Post-tests across Multimedia Groups 
 
Food science 
lecture materials 
Group 1 (TG) 
M (SD) 
Group 2 (ATG) 
M (SD) 
Group 3 (VATG) 
M (SD) 
 Pre-test Post-test Pre-test Post-test Pre-test Post-test 
Lecture 12 (n=303) 4.2 (3.7) 11.9 (4.2)* 3.9 (3.9) 12.1 (4.6)* 3.6 (3.7) 13.3 (3.9)* 
Lecture 15 (n=278) 4.3 (3.9) 8.6 (5.1)* 3.9 (4.1) 9.6 (4.5)* 3.5 (3.9) 8.8 (4.5)* 
Lecture 27 (n=269) 4.3 (4.2) 10.8 (5.1)* 3.2 (3.6) 11.4 (4.8)* 3.4 (3.8) 10.9 (5.2)* 
Lecture 28 (n=267) 4.5 (4.3) 11.4 (5.1)* 4.2 (4.1) 11.4 (4.9)* 3.5 (4.2) 11.7 (4.5)* 
Note. *Significant at p<0.05 level after t-test 
 
Factor Analyses and Reliabilities 
 Prior to answering the research questions, exploratory factor and parallel analyses were 
conducted for the EBI and Cognitive Load Instrument as described in the following section. 
Epistemic Belief Inventory (EBI) Factor Analysis 
 Construct validity for learning belief items was originally established by Schraw and 
colleagues (2002). However, it was decided to submit the EBI question items to exploratory 
factor and parallel analyses for two main reasons. First, Schraw and colleagues (2002) indicated 
that the inventory should be subjected to further validity testing as it had not been used in a 
variety of areas. Second, the sample of undergraduates in the current study differed from that 
used to validate the original researchers’ instrument. 
 From the 346 students that had completed the EBI, exploratory factor and parallel 
analyses were performed on the 32 items of the EBI. The principal factor method was used to 
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extract the factors, which was followed by a varimax rotation and scree plot. Based on the Kaiser 
rule (Kaiser, 1960), factors with eigenvalues greater than 1.0 were considered. Only dimensions 
and items that did not cross-load and had factor loadings of 0.5 and above were retained. 
Additionally if a dimension had only one item with a factor loading of 0.5 and above that 
dimension was removed (Ledesma & Valero-Mora, 2007). From the exploratory factor analysis, 
eleven factors were retained for rotation. Twenty-nine out of the 32 items from the EBI were 
retained from this initial analysis. From the structure of knowledge learning belief dimension, 
items 13 and 18 were not retained for further analysis. From the certainty of knowledge learning 
belief dimension, item 23 was not retained for further analysis (See Table 26).  
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Table 26 
 
Exploratory Factor Analysis Factor Loadings of EBI (n=346) 
 
Learning Belief Dimension Items Factors 
Structure of Knowledge (STK)  1 2 3 4 5 6 7 8 9 10 11 
1. It bothers me when instructors don't tell students the answers to complicated problems.          0.71   
10. Too many theories just complicate things.    0.82         
11. The best ideas are often the most simple.    0.55         
22. Science is easy to understand because it contains so many facts.       0.58      
24. The more you know about a topic, the more there is to know.   0.70          
30. You can study something for years and still not really understand it.   0.73          
Certainty of Knowledge (CE)             
2. Truth means different things to different people.   0.54          
6. Absolute moral truth does not exist.            0.90 
14. I like teachers who present several competing theories and let their students decide which is best.   0.52          
19. If two people are arguing about something, at least one of them must be wrong.      0.70       
25. What is true today will be true tomorrow.      0.71       
31. Sometimes there are no right answers to life's big problems.   0.78          
Source of Knowledge (SOK)             
4. People should always obey the law.        0.57     
7. Parents should teach their children all there is to know about life.       0.76      
20. Children should be allowed to question their parents' authority.           0.66  
27. When someone in authority tells me what to do, I usually do it.        0.77     
28. People who question authority are trouble makers.           0.49  
Control of Knowledge Acquisition (COK)             
5. Some people will never be smart no matter how hard they work.  0.62           
8. Really smart students don't have to work as hard to do well in school.  0.60           
12. People can't do too much about how smart they are.  0.58           
15. How well you do in school depends on how smart you are.     0.58        
17. Some people just have a knack for learning and others don't.  0.54           
26. Smart people are born that way.  0.63           
32. Some people are born with special gifts and talents.  0.50           
Speed of Knowledge Acquisition (SPK)             
3. Students who learn things quickly are the most successful.  0.52           
9. If a person tries too hard to understand a problem, they will most likely end up being confused.    0.66         
16. If you don't learn something quickly, you won't ever learn it.     0.55        
21. If you haven't understood a chapter the first time through, going back over it won't help.     0.77        
29. Working on a problem with no quick solution is a waste of time.         0.76    
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 A parallel analysis was then conducted to verify the findings of factor analysis since 
applying the K1 rule to extract factors might result in over or underestimation of these factors 
(Ledesma & Valero-Mora, 2007). Five factors were retained for rotation after this analysis. 
Based on these five factors, 20 out of the 29 items from the EBI were retained. The five items 
within the source of knowledge learning belief dimension were not retained. From the structure 
of knowledge learning belief dimension, items 1 and 22 were not retained. From the certainty of 
knowledge learning belief dimension, item 6 was not retained. The seven items from the control 
of knowledge acquisition learning belief dimension were retained. From the speed of knowledge 
acquisition learning belief dimension, item 29 was not retained.  Instrument items and 
corresponding factor loadings of 0.5 and above are presented in Table 27. 
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Table 27 
 
Parallel Analysis Factor Loadings of EBI (n=346) 
 
Learning Belief Dimension Items Factors 
 1 2 3 4 5 
Structure of Knowledge (STK)      
10. Too many theories just complicate things.    0.82   
11. The best ideas are often the most simple.    0.55   
24. The more you know about a topic, the more there is to know.   0.70    
30. You can study something for years and still not really understand it.   0.73    
Certainty of Knowledge (CE)      
2. Truth means different things to different people.   0.54    
14. I like teachers who present several competing theories and let their students decide 
which is best.  
 0.52    
19. If two people are arguing about something, at least one of them must be wrong.      0.70 
25. What is true today will be true tomorrow.      0.71 
31. Sometimes there are no right answers to life's big problems.   0.78    
Control of Knowledge Acquisition (COK)      
5. Some people will never be smart no matter how hard they work.  0.62     
8. Really smart students don't have to work as hard to do well in school.  0.60     
12. People can't do too much about how smart they are.  0.58     
15. How well you do in school depends on how smart you are.     0.58  
17. Some people just have a knack for learning and others don't.  0.54     
26. Smart people are born that way.  0.63     
32. Some people are born with special gifts and talents.  0.50     
Speed of Knowledge Acquisition (SPK)      
3. Students who learn things quickly are the most successful.  0.52     
9. If a person tries too hard to understand a problem, they will most likely end up being 
confused.  
  0.66   
16. If you don't learn something quickly, you won't ever learn it.     0.55  
21. If you haven't understood a chapter the first time through, going back over it won't 
help.  
   0.77  
 
 These five distinct factors were mildly consistent with the EBI instrument. Twelve of the 
32 items were eliminated that subsequently led to the elimination of a learning belief dimension 
(i.e. source of knowledge). Based upon Schraw and colleagues’ (2002) EBI instrument, four of 
the learning belief dimensions and their respective statement items were retained. Thus, the data 
were suited for further statistical analyses.  
Reliability of the EBI 
 The 20 items from the EBI were subjected to reliability analysis due to the parallel factor 
analysis results. The reliability of the retained items from the EBI was as follows: structure of 
knowledge 0.28, certainty of knowledge 0.50, control of knowledge acquisition 0.65, and speed 
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of knowledge acquisition 0.51. According to Tuckman (1999) the learning belief dimensions that 
met reliable standards of 0.5 and above were certainty of knowledge, control of knowledge 
acquisition, and speed of knowledge acquisition (See Table 28).  
Table 28 
 
Means (SD)and Reliabilities of the EBI (n=346) 
 
Learning Beliefs Reliabilities 
 M (SD)  α 
  STK 3.1 (1.0)  0.28 
  CE 2.5 (1.2)  0.50 
  COK 3.0 (1.0)  0.65 
  SPK 2.3 (0.8) 0.51 
Note. STK= Structure of Knowledge, CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, 
SPK= Speed of Knowledge Acquisition 
 
 In this study, the EBI statement items that had reliable standards of 0.5 and above were 
retained for further statistical analyses. Thus, the structure of knowledge learning belief 
dimension was removed from further statistical analyses. After exploratory factor and reliability 
analyses, Nussbaum and Bendixen (2002, 2003) had similar conclusions in that not all five 
dimensions and items were retained. In Nussbaum and Bendixen’s (2002) study, the factor 
analysis produced two factors, complexity and uncertainty. The complexity factor included items 
from the learning belief dimensions structure of knowledge, source of knowledge, and speed of 
knowledge acquisition. The uncertainty factor included items from the learning belief 
dimensions certainty of knowledge and source of knowledge. Reliabilities were not reported in 
this study. In Nussbaum and Bendixen’s (2003) study, the factor analysis produced three factors: 
structure of knowledge (α = 0.69), certainty of knowledge (α = 0.69), and control of knowledge 
acquisition (α = 0.77). Thus, the findings from this study are consistent with prior studies that not 
all dimensions and statement items are acceptable for further analyses.
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Cognitive Load Instrument Factor Analysis 
 
 Construct validity for the Cognitive Load Instrument items was originally established by 
Leppink and colleagues (2013). However, it was decided to submit the items in the Cognitive 
Load Instrument to exploratory factor and parallel analyses for a few reasons. First, the 
Cognitive Load Instrument is recent; thus minimal studies have used this instrument for 
validation. Second, Leppink and colleagues (2013) indicated the inventory should be subjected to 
further validity testing as it has been used in limited areas. Finally, the sample of undergraduates 
in the current study differed from that used to validate the original researchers’ instrument. 
 Students completed the Cognitive Load Instrument after viewing each of the four food 
science lecture materials, thus completed four individual instruments. Since the content within 
each of the food science lecture materials differed, students’ responses on the Cognitive Load 
Instrument may have been dissimilar from one food science lecture material to another. Thus, it 
was decided to subject the Cognitive Load Instrument to four exploratory factor analyses that 
were based upon each food science lecture material among the three multimedia groups. The 
principal factor method was used to extract the factors, and this was followed by a varimax 
rotation and scree plot. Based on the Kaiser rule (Kaiser, 1960), factors with eigenvalues greater 
than 1.0 were considered. Only dimensions and items that did not cross-load and had factor 
loadings of 0.5 and above were retained. Additionally, if only one cognitive load structure item 
had a factor loading of 0.5 and above that cognitive load structure was removed (Ledesma & 
Valero-Mora, 2007). A parallel analysis was then conducted to verify the findings of factor 
analysis since applying the K1 rule to extract factors might result in over or underestimation of 
these factors (Ledesma & Valero-Mora, 2007). Only the dimensions and items that did not cross-
load and had factor loadings of 0.5 and above were retained. 
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 Food Science Lecture 12 Material. Based on the exploratory factor analysis from food 
science lecture 12 material, two factors were retained for rotation. A parallel analysis was then 
conducted to verify the findings of factor analysis since applying the K1 rule to extract factors 
might result in over or underestimation of these factors (Ledesma & Valero-Mora, 2007). From 
the parallel analysis results, two factors were retained for rotation. From the minimum threshold 
loading level of 0.5, the following factor items were retained: (a) three items from ICL, (b) three 
items from ECL, and (c) four items from GCL. Considering that the items from ICL and ECL 
loaded on the same factor, these items were combined to one factor that was renamed non-GCL 
(See Table 29). 
Table 29 
 
Factor Loadings of the Cognitive Load Instrument from Students within Food Science Lecture 12 Material across 
the Multimedia Groups  (n=303) 
 
Cognitive Load Statement Items Factors 
 1 2 
Intrinsic Cognitive Load (ICL)   
The topic discussed within the food science lecture 12 material was very complex  0.85  
I felt the phase diagram explanation was very complex  0.86  
I felt the phase diagram concept was very complex  0.87  
Extraneous Cognitive Load (ECL)   
I felt the phase diagram explanation was unclear  0.83  
I felt the phase diagram explanation, in terms of learning, was ineffective  0.75  
I felt the phase diagram explanation was full of unclear language  0.76  
Germane Cognitive Load (GCL)   
The food science lecture 12 material enhanced my understanding of the concept   0.88 
The food science lecture 12 material  enhanced my knowledge and understanding of determining 
temperature and pressure’s effect on phase transitions  
 0.92 
The food science lecture 12 material  enhanced my understanding of the phase diagram   0.92 
The food science lecture 12 material  enhanced my understanding of physical properties of water   0.88 
 
 Food Science Lecture 15 Material. Based on the exploratory factor analysis from food 
science lecture 15 material, two factors were retained for rotation. A parallel analysis was then 
conducted to verify the findings of factor analysis since applying the K1 rule to extract factors 
might result in over or underestimation of these factors (Ledesma & Valero-Mora, 2007). From 
the parallel analysis results, two factors were retained for rotation. From the minimum threshold 
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loading level of 0.5, the following factor items were retained: (a) three items from ICL, (b) three 
items from ECL, and (c) four items from GCL. Considering that the items from ICL and ECL 
loaded on the same factor, these items were combined to one factor that was renamed non-GCL 
(Table 30). 
 
 Food Science Lecture 27 Material. Based on the factor analysis from food science 
lecture 27 material, two factors were retained for rotation. A parallel analysis was then conducted 
to verify the findings of factor analysis since applying the K1 rule to extract factors might result 
in over or underestimation of these factors (Ledesma & Valero-Mora, 2007). From the parallel 
analysis results, two factors were retained for rotation. From the minimum threshold loading 
level of 0.5, the following factor items were retained: (a) three items from ICL, (b) three items 
from ECL, and (c) four items from GCL. Considering that the items from ICL and ECL loaded 
on the same factor, these items were combined to one factor that was renamed non-GCL (See 
Table 31). 
Table 30 
 
Factor Loadings of the Cognitive Load Instrument from Students within Food Science Lecture 15 Material across 
the Multimedia Groups  (n=278) 
 
Cognitive Load Statement Items Factors 
 1 2 
Intrinsic Cognitive Load (ICL)   
The topic discussed within the food science lecture 15 material was very complex 0.72  
I felt the net charges of amino acids explanation was very complex 0.73  
I felt the net charges of amino acids concept was very complex  0.75  
Extraneous Cognitive Load (ECL)   
I felt the net charges of amino acids explanation was unclear 0.74  
I felt the properties of amino acids explanation, in terms of learning, was ineffective 0.74  
I felt the properties of amino acids explanation was full of unclear language 0.71  
Germane Cognitive Load (GCL)   
The food science lecture 15 material enhanced my understanding of the concept  0.61 
The food science lecture 15 material  enhanced my knowledge and understanding of different pH 
conditions that affect amino acid net charges 
 0.61 
The food science lecture 15 material  enhanced my understanding of the net charges of amino 
acids 
 0.61 
The food science lecture 15 material  enhanced my understanding of different pH conditions that 
affect amino acid net charges 
 0.61 
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Table 31 
 
Factor Loadings of the Cognitive Load Instrument from Students within Food Science Lecture 27 Material across 
the Multimedia Groups  (n=269) 
 
Cognitive Load Statement Items Factors 
 1 2 
Intrinsic Cognitive Load (ICL)   
The topic discussed within the food science lecture 27 material was very complex 0.81  
I felt the explanation of energy removal was very complex  0.81  
I felt the formulas to determine energy removal were very complex  0.86  
Extraneous Cognitive Load (ECL)   
I felt the formulas to determine energy removal explanation was unclear 0.86  
I felt the formulas to determine energy removal, in terms of learning, were ineffective 0.82  
I felt the formulas to determine energy removal were full of unclear language 0.80  
Germane Cognitive Load (GCL)   
The food science lecture 27 material enhanced my understanding of the concept  0.84 
The food science lecture 27 material  enhanced my knowledge and understanding of how energy 
is removed from foods 
 0.93 
The food science lecture 27 material  enhanced my understanding of the formulas to use to 
determine energy removal from foods 
 0.90 
The food science lecture 27 material  enhanced my understanding of how energy is removed 
from foods 
 0.91 
 
 Food Science Lecture 28 Material. Based on the factor analysis from food science 
lecture 28 material, six factors were retained for rotation. A parallel analysis was then conducted 
to verify the findings of factor analysis since applying the K1 rule to extract factors might result 
in over or underestimation of these factors (Ledesma & Valero-Mora, 2007). From the parallel 
analysis results, two factors were retained for rotation. From the minimum threshold loading 
level of 0.5, the following factor items were retained: (a) three items from ICL, (b) three items 
from ECL, and (c) four items from GCL. Considering that the items from ICL and ECL loaded 
on the same factor, these items were combined to one factor that was renamed non-GCL. Items 
and corresponding loadings of 0.5 and above are presented in Table 32. 
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Table 32 
 
Factor Loadings of the Cognitive Load Instrument from Students within Food Science Lecture 28 Material across 
the Multimedia Groups  (n=267) 
 
Cognitive Load Statement Items Factors 
 1 2 
Intrinsic Cognitive Load (ICL)   
The topic discussed within the food science lecture 28 material was very complex 0.84  
I felt the heat resistance microorganism explanation was very complex  0.89  
I felt the formula to determine microorganism death was very complex  0.90  
Extraneous Cognitive Load (ECL)   
I felt the formula to determine microorganism death explanation was unclear 0.91  
I felt the formula to determine microorganism death, in terms of learning, was ineffective 0.83  
I felt the formula to determine microorganism death was full of unclear language 0.88  
Germane Cognitive Load (GCL)   
The food science lecture 28 material enhanced my understanding of the concept  0.93 
The food science lecture 28 material  enhanced my knowledge and understanding of determining 
microorganism death 
 0.94 
The food science lecture 28 material  enhanced my understanding of the formula to determine 
microorganism death 
 0.91 
The food science lecture 28 material  enhanced my understanding of how microorganisms can be 
reduced in foods 
 0.91 
  
 These analyses indicated that two distinct factors were highly internally consistent from 
the Cognitive Load Instrument. None of the ten items was eliminated, but two of the original 
cognitive load structures, ICL and ECL, were revised due the items loaded on the same factor. 
The items from ICL and ECL were combined to form a new structure named non-GCL.  The 
other cognitive load structure, GCL, was retained. Based upon the Cognitive Load Instrument, 
all items were retained even though the cognitive load structures were revised. Thus, the data 
were suited for further statistical analyses.  
Reliability of the Cognitive Load Instrument 
 The reliability of the retained Cognitive Load Instrument items for food science lecture 
12 material among all three multimedia types was as follows: Non-GCL 0.91 and GCL 0.93. The 
reliability of the retained Cognitive Load Instrument items for food science lecture 15 material 
among all three multimedia types was as follows: Non-GCL 0.91 and GCL 0.94. The reliability 
of the retained Cognitive Load Instrument items for food science lecture 27 material among all 
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three multimedia types was as follows: Non-GCL 0.91 and GCL 0.93. The reliability of the 
retained Cognitive Load Instrument items for food science lecture 28 material among all three 
multimedia types was as follows: Non-GCL 0.95 and GCL 0.95. According to Tuckman (1999), 
the reliabilities of the two cognitive load items within the Cognitive Load Instrument met 
acceptable standards throughout each of the food science lecture materials. Reliability 
coefficients, means, and standard deviations are presented in Table 33. 
Table 33 
 
Means (SD) and the Reliabilities of the Cognitive Load Instrument from Students within each Food Science Lecture 
Material among the Multimedia Groups.  
 
Cognitive 
Loads  
Food Science Lecture Materials 
 12 (n=303) 15 (n=278) 27 (n=269) 28 (n=267) 
 M (SD) α M (SD) α M (SD) α M (SD) α 
Non-GCL 1.9 (1.0) 0.91 2.4 (1.4) 0.91 1.9 (1.1) 0.91 1.7 (1.0) 0.95 
GCL 3.7 (1.1) 0.93 3.5 (1.1) 0.94 3.8 (1.1) 0.93 3.9 (1.1) 0.95 
Note. Non-GCL = Combined Scores from Intrinsic Cognitive Load and Extraneous Cognitive Load, GCL= Germane 
Cognitive Load 
 
 The reliability results of the Cognitive Load statement items showed that the Cronbach 
alphas were greater than 0.5. Therefore, at least in this study, the Cognitive Load Instrument is a 
reliable instrument to measure students’ cognitive loads after viewing information. These results 
were consistent with Leppink and colleagues’ (2013) study concerning the validity and reliability 
of this instrument. Consequently, the researcher used the ten statement items of the Cognitive 
Load Instrument for further analyses.  
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Maximum Likelihood Estimate Method 
 The EBI statement items were subjected to the maximum likelihood estimate method due 
to the lack of normality often seen with the EBI scores (Harbaugh, 2011; Hardré et al., 2007). 
The maximum likelihood estimate method essentially predicts the parameters that best fit the 
model. In other words, this method would be able to predict the likelihood the observed EBI 
scores were evenly distributed among the multimedia groups. The maximum likelihood estimate 
method included the EBI scores from the 346 students who initially completed the instrument. 
Only the learning belief dimensions and their respective statement items that met specific criteria 
(i.e. factor loadings and Cronbach alphas of 0.5 and above) were used. Thus, three learning belief 
dimensions (i.e. certainty of knowledge, control of knowledge acquisition, and speed of 
knowledge acquisition) and a total of 16 statement items from these particular dimensions were 
included in this method. There was a two-step procedure to determine the model that best fit the 
parameters. In the first step, the maximum likelihood estimate was obtained by maximizing the 
log-likelihood function. In the second step, the likelihood ratio test was performed (Greene, 
2011; Harbough, 2011; Myung, 2003). Results showed the overall model of the 16 EBI 
statement items were a strong fit, -2 log likelihood = 609.83, χ² (346) = 139.34, p = 0.09. The 
maximum likelihood estimate method results from the individual learning belief dimensions also 
showed a strong fit: the certainty of knowledge learning belief dimension, -2 log likelihood = 
406.41, χ² (32) = 33.51, p = 0.39, the control of knowledge acquisition learning belief dimension, 
-2 log likelihood = 666.65, χ² (56) = 44.39, p = 0.87, and the speed of knowledge acquisition 
learning belief dimension, -2 log likelihood = 359.68, χ² (30) = 34.56, p = 0.26 (See Table 34).  
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Table 34 
 
Maximum Likelihood Estimate Method based on the EBI (n=346) 
 
Model -2 Log Likelihood χ
2 
df p- value 
Overall Learning Beliefs 609.83 139.34 118 0.09 
CE 406.41 33.51 32 0.39 
COK 666.65 44.39 56 0.87 
SPK 359.68 34.56 30 0.26 
Note. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed of Knowledge 
Acquisition 
 
 Based on the maximum likelihood estimate method, the results suggest the observed EBI 
scores from the three learning belief dimensions and their respective statement items were 
distributed evenly. Thus, these dimensions were subjected to further statistical analyses. 
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Multiple Linear Regression Analyses 
Results from Research Question 1 
A hierarchical multiple regression analysis was conducted among each multimedia type 
from the individual food science lecture materials, learning beliefs, and cognitive load (i.e. non-
GCL and GCL) to address research question 1. In particular Hayes’s (2014) moderation equation 
was used to determine a moderation effect. 
Food Science Lecture 12 Material Results 
 In the first step of the regression analysis, the students’ scores from the three learning 
belief dimensions of the EBI were entered as the independent variables, and students’ scores 
from the Cognitive Load Instrument were entered as the dependent variables. The analysis 
included the sixteen items from the EBI. These 16 items represented the three dimensions of the 
EBI. This data analysis included the ten items from the Cognitive Load Instrument. In the second 
step of the regression analysis, multimedia types were entered as the interaction term between 
the independent variables, EBI scores, and the dependent variables, cognitive load scores. Based 
on the results, there was no relationship to indicate multimedia was a moderator to students’ 
learning beliefs and the impact on cognitive load (See Table 35). 
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Table 35 
 
Moderation Analysis of the Relationship between Learning Beliefs and Cognitive Load with Multimedia as a Moderator 
for Food Science Lecture 12 Material (n=303) 
 
Variables Non-GCL GCL 
 b SE t p b SE t p 
CE 0.32 0.27 1.17 0.24 -0.07 0.32 -0.23 0.82 
CE x Multimedia -0.12 0.12 -0.96 0.34 -0.06 0.14 -0.42 0.67 
COK 0.10 0.22 0.46 0.65 -0.10 0.25 -0.40 0.69 
COK x Multimedia -0.06 0.10 -0.63 0.53 0.02 0.12 0.15 0.88 
SPK -0.06 0.21 -0.27 0.78 0.13 0.25 0.51 0.61 
SPK x Multimedia 0.04 0.10 0.39 0.69 -0.08 0.12 -0.71 0.48 
Note. *Indicates p –value is <0.05. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed 
of Knowledge Acquisition 
 
Food Science Lecture 15 Material Results 
 In the first step of the regression analysis, the students’ scores from the three learning 
belief dimensions of the EBI were entered as the independent variables, and students’ scores 
from the Cognitive Load Instrument were entered as the dependent variables. The analysis 
included the sixteen items from the EBI. These 16 items represented the three dimensions of the 
EBI. This data analysis included the ten items from the Cognitive Load Instrument. In the second 
step of the regression analysis, multimedia types were entered as the interaction term between 
the independent variables, EBI scores, and the dependent variables, cognitive load scores. 
As Table 36 indicates, results showed that there was an overall negative relationship 
between the certainty of knowledge learning belief dimension and multimedia as a moderator on 
GCL, r
2
 = 0.02, F (3, 275) = 3.65, β= -0.25, se = 0.13, t = -1.91, p = 0.04. This was considered a 
medium effect size for moderation, f 
2 
= 0.02 (Aguinis et al., 2005). Based on conditional effects, 
the multimedia type which had a negative statistical relationship between the certainty of 
knowledge learning belief dimension on GCL was VATG, β= -0.30, se = 0.15, t = -2.05, p = 
0.04. The results indicate that students who held sophisticated learning beliefs in the certainty of 
knowledge dimension reported an enhancement in their understanding of the information in 
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video + audio + text + graphics format. Results also demonstrate that students who held naive 
learning beliefs in the certainty of knowledge dimension reported no enhancement in their 
understanding of the information in video + audio + text + graphics format. There were no other 
relationships found with multimedia types as moderators on the relationship between learning 
beliefs and the impact on cognitive loads (See Table 36).  
 
Table 36 
 
Moderation Analysis of the Relationship between Learning Beliefs and Cognitive Load with Multimedia as a Moderator 
for Food Science Lecture 15 Material (n=278) 
 
Variables Non-GCL GCL 
 b SE t p b SE t p 
CE 0.14 0.28 0.51 0.61 0.40 0.28 1.42 0.16 
CE x Multimedia -0.03 0.13 -0.25 0.80 -0.25 0.13 -1.91 0.04* 
COK 0.43 0.25 1.70 0.09 -0.40 0.25 -1.57 0.12 
COK x Multimedia -0.22 0.12 -1.90 0.06 -0.23 0.12 -1.90 0.06 
SPK 0.31 0.25 1.26 0.21 -0.16 0.25 -0.66 0.51 
SPK x Multimedia -0.21 0.12 -1.71 0.09 0.18 0.12 1.47 0.14 
Note. *Indicates p –value is <0.05. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed 
of Knowledge Acquisition 
 
Food Science Lecture 27 Material Results 
 In the first step of the regression analysis, the students’ scores from the three learning 
belief dimensions of the EBI were entered as the independent variables, and students’ scores 
from the Cognitive Load Instrument were entered as the dependent variables. The analysis 
included the sixteen items from the EBI. These 16 items represented the three dimensions of the 
EBI. This data analysis included the ten items from the Cognitive Load Instrument. In the second 
step of the regression analysis, multimedia types were entered as the interaction term between 
the independent variables, EBI scores, and the dependent variables, cognitive load scores. 
Results showed that there was a negative relationship between the certainty of knowledge 
learning belief dimension and multimedia as a moderator on GCL, r
2
 = 0.02, F (3, 265) = 3.79, β 
= -0.30, se = 0.15, t = -1.95, p = 0.047. This was considered a medium effect size for moderation, 
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f
2
 = 0.02 (Aguinis et al., 2005). Based on conditional effects, the multimedia type which had a 
negative relationship between certainty of knowledge learning belief dimension on GCL was 
VATG, β= -0.23, se = 0.18, t = - 2.00, p = 0.048. The results indicate that students who held 
sophisticated learning beliefs in the certainty of knowledge dimension reported an enhancement 
in their understanding of the information in video + audio + text + graphics format. Results also 
demonstrate that students who held naive learning beliefs in the certainty of knowledge 
dimension reported no enhancement in their understanding of the information in video + audio + 
text + graphics format. There were no other relationships found with multimedia types as 
moderators on the relationship between learning beliefs and the impact on cognitive loads (See 
Table 37).  
Table 37 
 
Moderation Analyss of the Relationship between Learning Beliefs and Cognitive Load with Multimedia as a Moderator for 
Food Science Lecture 27 Material (n=269) 
 
Variables Non-GCL GCL 
 b SE t P b SE t p 
CE -0.41 0.32 -1.31 0.19 0.62 0.34 1.85 0.07 
CE x 
Multimedia 
0.12 0.14 0.83 0.41 -0.30 0.15 -1.95 0.047* 
COK -0.21 0.26 -0.81 0.42 -0.06 0.28 -0.22 0.83 
COK x 
Multimedia 
0.09 0.12 0.74 0.46 -0.07 0.12 -0.59 0.55 
SPK -0.32 0.25 -1.24 0.22 0.22 0.27 0.81 0.42 
SPK x 
Multimedia 
0.21 0.12 1.78 0.08 -0.16 0.13 -1.26 0.21 
Note. *Indicates p –value is <0.05. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed 
of Knowledge Acquisition 
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Food Science Lecture 28 Material Results 
In the first step of the regression analysis, the students’ scores from the three learning 
belief dimensions of the EBI were entered as the independent variables, and students’ scores 
from the Cognitive Load Instrument were entered as the dependent variables. The analysis 
included the sixteen items from the EBI. These 16 items represented the three dimensions of the 
EBI. This data analysis included the ten items from the Cognitive Load Instrument. In the second 
step of the regression analysis, multimedia types were entered as the interaction term between 
the independent variables, EBI scores, and the dependent variables, cognitive load scores. 
Results indicated that there was an overall significant negative relationship between the 
speed of knowledge acquisition learning belief dimension and multimedia as a moderator on 
GCL, r
2
 = 0.07, F (3, 264) = 6.35, β= -0.31, se = 0.12, t = -2.52, p = 0.01. This was considered a 
large effect size for moderation, f 
2 
= 0.07 (Aguinis et al, 2005). Based on conditional effects, the 
multimedia types which had a negative relationship between the speed of knowledge acquisition 
learning belief dimension on GCL were ATG, β= -0.35, se = 0.10, t = -3.43, p < 0.001, and 
VATG, β= -0.60, se = 0.15, t = -3.95, p < 0.001. The results indicate that students who held 
sophisticated learning beliefs in the speed of knowledge acquisition dimension reported an 
enhancement in their understanding of the information in audio + text + graphics or video + 
audio + text + graphics formats. Results also demonstrate that students who held naive learning 
beliefs in the speed of knowledge acquisition dimension reported no enhancement in their 
understanding of the information in audio + text + graphics or video + audio + text + graphics 
formats. There were no other relationships found with multimedia types as moderators on the 
relationship between learning beliefs and the impact on cognitive loads (See Table 38). 
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Table 38 
 
Moderation Analysis of the Relationship between Learning Beliefs and Cognitive Load with Multimedia as a Moderator 
for Food Science Lecture 28 Material (n=267) 
 
Variables Non-GCL GCL 
 b SE t P b SE t p 
CE -0.26 0.31 -0.84 0.40 -0.47 0.34 -1.38 0.17 
CE x 
Multimedia 
0.03 0.14 0.24 0.81 0.20 0.16 1.28 0.20 
COK -0.17 0.25 -0.69 0.49 -0.19 0.27 -0.71 0.48 
COK x 
Multimedia 
0.15 0.11 1.31 0.19 -0.05 0.12 -0.39 0.70 
SPK 0.07 0.23 0.30 0.76 0.27 0.25 1.07 0.29 
SPK x 
Multimedia 
0.13 0.11 1.20 0.23 -0.31 0.12 -2.52 0.01* 
Note. *Indicates p –value is <0.05. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed 
of Knowledge Acquisition 
 
Overall, multimedia was a significant moderator of the relationship between learning 
beliefs and cognitive loads within food science lectures 15, 27, and 28 materials. In particular, 
VATG was the multimedia that had the moderation effect on the relationship among the certainty 
of knowledge and the speed of knowledge acquisition learning beliefs dimensions and GCL. In 
food science lecture 15 material, VATG was the moderator to certainty of knowledge learning 
belief dimension and GCL. In food science lecture 27 material, VATG was the moderator to 
certainty of knowledge learning belief dimension and GCL. Finally in food science lecture 28 
material, VATG and ATG were moderators to speed of knowledge acquisition learning belief 
dimension and GCL. 
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Results from Research Question 2 
A hierarchical multiple regression analysis was conducted among each multimedia type 
from the individual food science lecture materials, learning beliefs, and cognitive loads (i.e. non-
GCL and GCL) to address research question 2. In particular Dudley and colleagues’ (2004) 
three-step mediation equation was used to determine a mediation effect. 
Food Science Lecture 12 Material Results 
First Step. In the first step of the regression analysis, the students’ scores from the three 
learning belief dimensions of the EBI were entered as independent variables to predict the impact 
on the dependent variables, students’ cognitive load based on scores from the Cognitive Load 
Instrument. The analysis included the sixteen items from the EBI. These 16 items represented the 
three learning belief dimensions of the EBI. This data analysis included the ten items from the 
Cognitive Load Instrument. Based on results from this particular step, there were no significant 
relationships between students’ learning beliefs and their cognitive load.  
Second Step. In the second step of the regression analysis, the students’ scores from the 
three learning belief dimensions of the EBI were entered as independent variables to predict the 
mediating variables, multimedia types. Based on results from this step, there was a negative 
relationship between the certainty of knowledge learning belief dimension and multimedia, r
2
 = 
0.11, F (3, 298) = 35.33, β= -0.53, se = 0.09, t = -5.94, p < 0.001. Specifically, there was a 
negative relationship between the certainly of knowledge learning belief dimension and ATG, r
2
 
= 0.11, F (2, 298) = 15.06, β= -0.07, se = 0.04, t = -1.94, p = 0.046. This was considered a 
medium effect size for mediation, r
2
= 0.11 (Preacher & Kelly, 2011). Additionally, a negative 
relationship existed between the certainly of knowledge learning belief dimension and VATG, r
2
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= 0.11, F (2, 298) = 15.06, β= -0.19, se = 0.04, t = -5.41, p< 0.001. This was considered a 
medium effect size for mediation, r
2
= 0.11 (Preacher & Kelly, 2011). 
Third Step. In the third step of the regression analysis, the students’ scores from the 
three learning belief dimensions of the EBI were entered as the independent variables and 
multimedia types were entered as the mediating variables to predict the impact on the dependent 
variable, students’ cognitive load based on scores from the Cognitive Load Instrument. There 
were no significant relationships between students’ learning beliefs and multimedia as a mediator 
on students’ cognitive load.  
Since only one step resulted in a statistical significance, the Sobel test was not conducted 
to determine full or partial mediation. Thus, multimedia was not a mediator on the relationship 
between students’ learning beliefs and their cognitive load for at least food science lecture 12 
material (See Table 39).
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Table 39  
 
Mediation Analysis of the Relationship between Learning Beliefs and Cognitive Load with Multimedia as a Mediator for 
Food Science Lecture 12 Material (n=303) 
 
Variables Non-GCL GCL 
Step 1: Learning 
Beliefs/ 
Cognitive Load  
b SE t P b SE t p 
CE 0.10 0.09 1.10 0.27 -0.17 0.11 -1.57 0.12 
COK -0.03 0.08 -0.34 0.74 -0.07 0.10 -0.69 0.49 
SPK 0.02 0.09 0.21 0.83 -0.03 0.10 -0.34 0.73 
Step 2: Learning 
Beliefs/ 
Multimedia 
b SE t P b SE t p 
CE -0.53 0.09 -5.94 0.00* -0.53 0.09 -5.94 0.00* 
COK 0.04 0.08 0.51 0.61 0.04 0.08 0.51 0.61 
SPK 0.01 0.09 0.12 0.90 0.01 0.09 0.12 0.90 
Step 3: 
Mediation 
b SE t P b SE t p 
CE -0.05 0.06 -0.83 0.41 -0.06 0.07 -0.80 0.42 
COK -0.07 0.06 -1.13 0.26 -0.02 0.07 -0.23 0.82 
SPK -0.07 0.06 -1.14 0.25 -0.02 0.07 -0.25 0.80 
Note. * indicates p – value < 0.05. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed 
of Knowledge Acquisition 
 
Food Science Lecture 15 Material Results 
First Step. In the first step of the regression analysis, the students’ scores from the three 
learning belief dimensions of the EBI were entered as independent variables to predict the impact 
on the dependent variables, students’ cognitive load based on scores from the Cognitive Load 
Instrument. The analysis included the sixteen items from the EBI. These 16 items represented the 
three learning belief dimensions of the EBI. This data analysis included the ten items from the 
Cognitive Load Instrument. Based on results from this particular step, there were no significant 
relationships between students’ learning beliefs and their cognitive load.  
Second Step. In the second step of the regression analysis, students’ scores from the 
three learning belief dimensions of the EBI were entered as independent variables to predict the 
mediating variables, multimedia types. Based on results from this step, there were no significant 
relationships between students’ learning beliefs and multimedia types.  
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Third Step. In the third step of the regression analysis, students’ scores from the three 
learning belief dimensions of the EBI were entered as the independent variables and multimedia 
types were entered as the mediating variables to predict the impact on the dependent variables, 
students’ cognitive load based on scores from the Cognitive Load Instrument. There were no 
significant relationships between students’ learning beliefs and multimedia as a mediator on their 
cognitive load.  
Since no steps resulted in significance, the Sobel test was not conducted to determine full 
or partial mediation. Thus, multimedia was not a mediator on relationship between students’ 
learning beliefs and their cognitive load within food science lecture 15 material (See Table 40). 
Table 40 
 
Mediation Tests of the Relationship between Learning Beliefs and Cognitive Load with Multimedia as a Mediator for 
Food Science Lecture 15 Material (n=278) 
 
Variables Non-GCL GCL 
Step 1: Learning 
Beliefs/ 
Cognitive Load  
B SE t P b SE t p 
CE 0.17 0.10 1.68 0.10 -0.10 0.10 -1.02 0.31 
COK 0.08 0.10 0.05 0.42 -0.13 0.10 -1.29 0.20 
SPK -0.02 0.10 -0.16 0.87 0.06 0.07 0.94 0.35 
Step 2: Learning 
Beliefs/ 
Multimedia 
B SE t P b SE t p 
CE -0.08 0.09 -0.88 0.38 -0.08 0.09 -0.88 0.38 
COK 0.07 0.09 0.76 0.45 0.07 0.09 0.76 0.45 
SPK 0.03 0.90 0.32 0.75 0.03 0.90 0.32 0.75 
Step 3: 
Mediation 
B SE t P b SE t p 
CE 0.06 0.07 0.94 0.35 0.06 0.07 0.91 0.36 
COK -0.07 0.07 -0.99 0.32 0.07 0.07 1.03 0.31 
SPK -0.07 0.07 -1.03 0.31 0.03 0.09 0.32 0.75 
Note. * indicates p – value < 0.05. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed 
of Knowledge Acquisition 
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Food Science Lecture 27 Material Results 
First Step. In the first step of the regression analysis, students’ scores from the three 
learning belief dimensions of the EBI were entered as independent variables to predict the impact 
on the dependent variables, students’ cognitive load based on scores from the Cognitive Load 
Instrument. The analysis included the sixteen items from the EBI. These 16 items represented the 
three learning belief dimensions of the EBI. This data analysis included the ten items from the 
Cognitive Load Instrument. 
Based on results from this particular step, there was a negative relationship between the 
learning belief dimension control of knowledge acquisition and GCL, r
2
 = 0.02, F (1, 267) = 
3.99, β= -0.21, se = 0.10, t = -2.00, p = 0.048. This is considered a small effect size for 
mediation, r
2
 = 0.02 (Preacher & Kelly, 2011). The results indicate that students who held 
sophisticated learning beliefs in the control of knowledge acquisition dimension reported an 
enhancement in their understanding of the information. Results also demonstrate that students 
who held naive learning beliefs in the control of knowledge acquisition dimension reported no 
enhancement in their understanding of the information.  
Second Step. In the second step of the regression analysis, students’ scores from the 
three learning belief dimensions of the EBI were entered as independent variables to predict the 
mediating variables, multimedia types. Based on results from this step, there were no significant 
relationships between students’ learning beliefs and multimedia types.  
Third Step. In the third step of the regression analysis, students’ scores from the three 
learning belief dimensions of the EBI were entered as the independent variables and multimedia 
types were entered as the mediating variables to predict the impact on the dependent variables, 
students’ cognitive load based on scores from the Cognitive Load Instrument. There were no 
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significant relationships between students’ learning beliefs and multimedia as a mediator on 
cognitive load.  
Since only one step resulted in a statistical significance, the Sobel test was not conducted 
to determine full or partial mediation. Thus, multimedia was not a mediator on the relationship 
between students’ learning beliefs and cognitive load for at least food science lecture 27 material 
(See Table 41). 
Table 41 
 
Mediation Tests of the Relationship between Learning Beliefs and Cognitive Load with Multimedia as a Mediator for 
Food Science Lecture 27 Material (n=269) 
 
Variables Non-GCL GCL 
Step 1: Learning 
Beliefs/ 
Cognitive Load  
B SE t P b SE t p 
CE -0.17 0.13 -1.37 0.17 0.02 0.13 0.14 0.89 
COK -0.03 0.10 -0.33 0.74 -0.21 0.10 -2.00 0.048* 
SPK 0.10 0.10 1.03 0.31 -0.09 0.11 -0.87 0.39 
Step 2: Learning 
Beliefs/ 
Multimedia 
B SE t P b SE t p 
CE -0.02 0.12 -0.18 0.86 -0.02 0.12 -0.18 0.86 
COK 0.06 0.09 0.63 0.53 0.06 0.09 0.63 0.53 
SPK 0.04 0.09 0.41 0.69 0.04 0.09 0.41 0.69 
Step 3: 
Mediation 
B SE t P b SE t p 
CE -0.02 0.07 -0.30 0.76 0.08 0.07 1.18 0.24 
COK -0.02 0.07 -0.28 0.78 0.09 0.08 1.26 0.21 
SPK -0.02 0.07 -0.24 0.81 0.10 0.07 1.33 0.19 
Note. * indicates p – value < 0.05. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed 
of Knowledge Acquisition 
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Food Science Lecture 28 Material Results 
First Step. In the first step of the regression analysis, students’ scores from the three 
learning belief dimensions of the EBI were entered as independent variables to predict the impact 
on the dependent variables, students’ cognitive load based on scores from the Cognitive Load 
Instrument. The analysis included the sixteen items from the EBI. These 16 items represented the 
three learning belief dimensions of the EBI. This data analysis included the ten items from the 
Cognitive Load Instrument. Based on results from this particular step, there were relationships 
between students’ scores from the learning belief dimensions control of knowledge acquisition 
and speed of knowledge and the impact on their non-GCL and GCL. 
Control of Knowledge Acquisition Learning Belief Dimension. Results showed that 
there was a negative relationship between the control of knowledge acquisition learning belief 
dimension and GCL, r = 0.03, F (1, 267) = 7.37, β= -0.28, se = 0.10, t = -2.71, p = 0.01. This 
was considered a small effect size for mediation, r
2
 = 0.03 (Preacher & Kelly, 2011). The results 
indicate that students who held sophisticated learning beliefs in the control of knowledge 
acquisition dimension reported an enhancement in their understanding of the information. 
Results also demonstrate that students who held naive learning beliefs in the control of 
knowledge acquisition dimension reported no enhancement in their understanding of the 
information.  
Speed of Knowledge Acquisition Learning Belief Dimension. Results indicated that 
there was a positive relationship between the speed of knowledge acquisition learning belief 
dimension and non-GCL, r
2
 = 0.21, F (1, 267) = 12.23, β= 0.32, se = 0.09, t = 3.50, p < 0.001. 
This was considered a medium effect size for mediation, r
2
 = 0.21 (Preacher & Kelly, 2011). The 
results indicate that students who held sophisticated learning beliefs in the speed of knowledge 
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acquisition dimension tend to report the explanation and presentation of the information as being 
not complex and clear. Results also demonstrate that students who held naive learning beliefs in 
the speed of knowledge acquisition dimension tend to report the explanation and presentation of 
the information as being complex and unclear.  
Also, results showed that there was a negative relationship between the speed of 
knowledge acquisition learning belief dimension and GCL, r
2
 = 0.03, F (1, 267) = 9.31, β= -0.31, 
se = 0.10, t = -3.05, p = 0.003. This was considered a small effect size for mediation, r
2
 = 0.03 
(Preacher & Kelly, 2011). The results indicate that students who held sophisticated learning 
beliefs in the speed of knowledge acquisition dimension reported an enhancement in their 
understanding of the information. Results also demonstrate that students who held naive learning 
beliefs in the speed of knowledge acquisition dimension reported no enhancement in their 
understanding of the information.  
Second Step. In the second step of the regression analysis, students’ scores from the 
three learning belief dimensions of the EBI were entered as independent variables to predict the 
mediating variables, multimedia types. Based on results from this step, there were no significant 
relationships between students’ learning beliefs and multimedia types. 
Third Step. In the third step of the regression analysis, students’ scores from the three 
learning belief dimensions of the EBI were entered as the independent variables and multimedia 
types were entered as the mediating variables to predict the impact on the dependent variables, 
students’ cognitive load based on scores from the Cognitive Load Instrument. There were 
significant relationships between students’ learning beliefs and ATG and VATG as mediators 
that impacted students’ GCL. 
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Certainty of Knowledge Learning Belief Dimension. Results indicated that there was a 
positive relationship between the certainty of knowledge learning belief dimension and 
multimedia as a mediator on GCL, r
2
 = 0.02, F (2, 267) = 2.63, β= 0.16, se = 0.07, t = 2.24, p = 
0.03. Specifically, there was a negative relationship between the certainty of knowledge learning 
belief dimension and ATG as a mediator on GCL, r
2
 = 0.02, F (1, 267) = 3.16, β= -0.16, se = 
0.07, t = -2.21, p = 0.03. This was considered a small effect size for mediation, r
2
 = 0.02 
(Preacher & Kelly, 2011). The results indicate that students who held sophisticated learning 
beliefs in the certainty of knowledge dimension reported an enhancement in their understanding 
of the information in audio + text + graphics format. Results also demonstrated that students who 
held naive learning beliefs in the certainty of knowledge dimension reported no enhancement in 
their understanding of the information in audio + text + graphics format.  
Furthermore, results showed that there was a positive relationship among the certainty of 
knowledge learning belief dimension with VATG as a mediator on GCL, r
2
 = 0.02, F (1, 267) = 
3.32, β= 0.16, se = 0.07, t = 2.28, p = 0.02. This was considered a small effect size for mediation, 
r
2
 = 0.02 (Preacher & Kelly, 2011). The results indicated that students who held sophisticated 
learning beliefs in the certainty of knowledge dimension reported no enhancement of their 
understanding of the material in video + audio + text + graphics format. On the other hand, the 
results show that students who held naive learning beliefs in the certainty of knowledge 
dimension reported an enhancement in their understanding of the material in video + audio + text 
+ graphics format. 
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Control of Knowledge Acquisition Learning Belief Dimension. Results demonstrated 
that there was a positive relationship between the control of knowledge acquisition learning 
belief dimension and multimedia as a mediator on GCL, r
2
 = 0.05, F (2, 267) = 6.66, β= 0.17, se 
= 0.07, t = 2.41, p = 0.02. Specifically, there was a negative relationship between the control of 
knowledge acquisition learning belief dimension and ATG as a mediator on GCL, r
2
 = 0.05, F 
(1, 267) = 5.76, β= -0.16, se = 0.07, t = -2.32, p = 0.02. This was considered a small effect size 
for mediation, r
2
 = 0.05 (Preacher & Kelly, 2011). The results indicate that students who held 
sophisticated learning beliefs in the control of knowledge acquisition dimension reported an 
enhancement in their understanding of the information in audio + text + graphics format. These 
results also indicate that students who held naive learning beliefs in the control of knowledge 
acquisition dimension reported no enhancement in their understanding of the information in 
audio + text + graphics format.  
Additionally, results indicated that there was a positive relationship among the control of 
knowledge acquisition learning belief dimension with VATG as a mediator on GCL, r
2
 = 0.05, F 
(1, 267) = 6.12, β= 0.18, se = 0.07, t = 2.47, p = 0.01. This was considered a small effect size for 
mediation, r
2
 = 0.05 (Preacher & Kelly, 2011). The results indicated that students who held 
sophisticated learning beliefs in the control of knowledge acquisition dimension reported no 
enhancement in their understanding of the information in video + audio + text + graphics format. 
On the other hand, these results demonstrated that students who held naive learning beliefs in the 
control of knowledge acquisition dimension reported an enhancement in their understanding of 
the information in video + audio + text + graphics format.  
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Speed of Knowledge Acquisition Learning Belief Dimension. Results indicated that 
there was a positive relationship between the speed of knowledge acquisition learning belief 
dimension and multimedia as a mediator on GCL, r
2
 = 0.05, F (2, 267) = 7.32, β= 0.16, se = 
0.07, t = 2.28, p = 0.02. Specifically, there was a negative relationship between the speed of 
knowledge acquisition learning belief dimension and ATG as a mediator on GCL, r
2
 = 0.05, F 
(1, 267) = 7.23, β= -0.14, se = 0.07, t = -1.95, p = 0.047. This was considered a small effect size 
for mediation, r
2
 = 0.05 (Preacher & Kelly, 2011). The results indicated that students who held 
sophisticated learning beliefs in the speed of knowledge acquisition dimension reported an 
enhancement in their understanding of the information in audio + text + graphics format. Results 
also showed that students who held naive learning beliefs in the speed of knowledge acquisition 
dimension reported no enhancement in their understanding of the information in audio + text + 
graphics format.  
Additionally, results showed that there was a positive relationship among the speed of 
knowledge acquisition learning belief dimension with VATG as a mediator on GCL, r
2
 = 0.05, F 
(1, 267) = 8.06, β= 0.16, se = 0.07, t = 2.33, p = 0.02. This was considered a small effect size for 
mediation, r
2
 = 0.05 (Preacher & Kelly, 2011). The results indicate that students who held 
sophisticated learning beliefs in the speed of knowledge acquisition dimension reported no 
enhancement in their understanding of the information in video + audio + text + graphics format. 
On the opposite side, the results indicate that students who held naive learning beliefs in the 
speed of knowledge acquisition dimension reported an enhancement in their understanding of the 
information in video + audio + text + graphics format. 
Considering not all of the steps from the mediation equation had significant relationships 
the Sobel test was not performed (See Table 42). 
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Table 42 
 
Mediation Tests of the Relationship between Learning Beliefs and Cognitive Load with Multimedia as a Mediator for 
Food Science Lecture 28 Material (n=267) 
 
Variables Non-GCL GCL 
Step 1: Learning 
Beliefs/ 
Cognitive Load  
b SE t p b SE t p 
CE -0.20 0.12 -1.60 0.11 -0.06 0.14 -0.47 0.64 
COK 0.00 0.09 0.04 0.97 -0.28 0.10 -2.71 0.01* 
SPK 0.32 0.09 3.50 0.00* -0.31 0.10 -3.06 0.00* 
Step 2: Learning 
Beliefs/ 
Multimedia 
b SE t p b SE t p 
CE 0.04 0.12 0.37 0.72 0.04 0.12 0.37 0.72 
COK 0.08 0.09 0.86 0.39 0.08 0.09 0.86 0.39 
SPK 0.00 `0.09 0.04 0.97 0.00 `0.09 0.04 0.97 
Step 3: 
Mediation 
b SE t p b SE t p 
CE -0.08 0.07 -1.20 0.23 0.16 0.07 2.24 0.03* 
COK 0.13 0.09 1.35 0.18 0.17 0.07 2.41 0.02* 
SPK -0.08 0.06 -1.27 0.21 0.16 0.07 2.28 0.02* 
Note. * indicates p – value < 0.05. CE= Certainty of Knowledge, COK= Control of Knowledge Acquisition, SPK= Speed 
of Knowledge Acquisition 
 
Overall, multimedia was not a mediator to the relationship between students’ learning 
beliefs and their cognitive load within the four food science lecture materials. However, 
depending on the particular food science lecture material, relationships were found in one of the 
three-steps of the mediation equation. In food science lecture 15 material, there were no 
relationships found within the three mediation steps. For food science lectures 12, 27, and 28 
materials, the multimedia groups that had a relationship with one of the three learning belief 
dimensions and the cognitive loads were ATG and VATG.  
In food science lecture 12 material, the second step of the mediation equation results 
showed a negative relationship between the certainty of knowledge learning belief dimension 
and multimedia ATG, p = 0.046. Results also showed a negative relationship between the 
certainty of knowledge learning belief dimension and multimedia VATG, p < 0.001. In food 
science lecture 27 material, results from the first step of the mediation equation had a negative 
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relationship between the control of knowledge acquisition learning belief dimension and GCL, p 
= 0.048. The results show those who held sophisticated learning beliefs in the control of 
knowledge dimension indicated an enhancement in their understanding of the information.  
Finally, results showed that there were relationships in steps one and three of the 
mediation equations after students viewed the food science lecture 28 material. In step one of the 
mediation equation, results indicate a negative relationship between the control of knowledge 
acquisition learning belief dimension and GCL. Thus, students who held sophisticated learning 
beliefs in the control of knowledge acquisition dimension reported an enhancement in their 
understanding of the information. Additionally, results showed that there were positive 
relationships between the speed of knowledge acquisition learning belief dimension and non-
GCL, p < 0.001. Students who held sophisticated learning beliefs in the speed of knowledge 
acquisition dimension tend to report the presentation and explanation of the information to be 
clear and not complex. Results from the third step of the mediation equation showed that there 
was a negative relationship between the certainty of knowledge learning belief dimension and 
GCL with ATG as a mediator, p = 0.03. There was a negative relationship between the control of 
knowledge acquisition learning belief dimension and GCL with ATG as a mediator, p = 0.02. 
Finally, there was a negative relationship between the speed of knowledge acquisition learning 
belief dimension and GCL with ATG as a mediator, p = 0.02. The results show that students with 
sophisticated learning beliefs reported an enhancement in their understanding of the information 
in audio + text + graphics format. 
On the other hand, results showed that there was a positive relationship between the 
certainty of knowledge learning belief dimension and GCL with VATG as a mediator, p = 0.02. 
Results also showed that there was a positive relationship between the control of knowledge 
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acquisition learning belief dimension and GCL with VATG as a mediator, p = 0.01. There was a 
positive relationship between the speed of knowledge acquisition learning belief dimension and 
GCL with VATG as a mediator, p = 0.047. The results show students with sophisticated learning 
beliefs reported no enhancement of their understanding of the information in video + audio + text 
+ graphics format.  
Summary 
This chapter presented descriptive and inferential analyses of the data used to determine 
if multimedia types are moderators or mediators to the relationship between students’ learning 
beliefs and the impact on their cognitive load. First, data were collected on students’ 
demographic characteristics, students’ scores on the pre- and post-tests, students’ learning 
beliefs, and students’ scores from the Cognitive Load Instrument. Then data analysis techniques 
such as factor analyses and multiple regressions were used to discover which independent 
variables and moderating/mediating variables would impact the dependent variable in a general 
education undergraduate course with an asynchronous component.  
Results from Pre-Tests 
 Results from one-way ANOVAs with Tukey post hoc analyses indicated in the four food 
science lecture materials students had low prior knowledge. Based on these results, designing 
materials using Mayer’s CTML and Smith and Ragan’s methods would potentially assist those 
students in improving their conceptual knowledge and procedural learning regarding these 
topics. 
Results from Pre- and Post-Tests 
 Based on t-test analyses, results indicated students’ post-test scores were statistically 
higher than the pre-test scores. At least for the post-test scores, students’ improved their 
 140 
 
conceptual knowledge and procedural learning after viewing the four food science lecture 
materials. 
Factor Analyses and Reliabilities 
 Both the EBI and the Cognitive Load Instrument had undergone exploratory factor, 
parallel, and reliability analyses. Based on results from the EBI instrument, the EBI is reliable in 
determining learning beliefs except for the structure of knowledge and source of knowledge 
learning belief dimensions. Based on the reliability results from the Cognitive Load Instrument, 
it is a reliable instrument to measure cognitive load. However, the items from ICL and ECL were 
combined to form a new cognitive load structure named non-GCL due to these items loading on 
the same factor. 
Maximum Likelihood Estimate Method 
 Based on results from the maximum likelihood estimate method, the EBI scores from the 
three learning belief dimensions were acceptable to conduct further analyses. 
Research Question 1  
 A multiple-linear regression analysis was conducted to determine if multimedia types 
were a moderator to the relationship between students’ learning beliefs and the impact on their 
cognitive load. Based on the PROCESS moderation equation by Hayes (2014), results indicated 
no moderation relationships were found in food science lecture 12 material. Based on the results 
from the food science lectures 15 and 27 materials, there was a negative relationship between 
certainty of knowledge learning belief dimension and VATG multimedia type on GCL. Based on 
the results from the food science lecture 28 material, there were negative relationships between 
the speed of knowledge acquisition learning belief dimension and ATG and VATG multimedia 
types on GCL. The negative relationships between learning belief dimensions on GCL with 
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either ATG or VATG as moderators meant that those students who held sophisticated learning 
beliefs reported an enhancement in their understanding of the information. 
Research Question 2 
 A multiple-linear regression was conducted to determine the multimedia types that 
mediated the relationship between students’ learning beliefs and the impact on their cognitive 
loads. The three-step mediation equation by Dudley and colleagues (2004) was used to determine 
mediation. Based on results from the four food science lecture materials, there was no full or 
partial mediation with the multimedia types. However, there were certain steps of the mediation 
equation that had resulted in relationships. In the food science lecture 15 material, there were no 
significant relationships among the three-step mediation equation. Results from the food science 
lecture 12 material showed a relationship in the second step of the mediation equation in that 
there were negative relationships between the certainty of knowledge learning belief dimension 
and ATG and VATG. 
 Results from the food science lecture 27 showed a negative relationship between the 
certainty of knowledge learning belief dimension and GCL. The results show students who held 
sophisticated learning beliefs in the certainty of knowledge dimension indicated an enhancement 
in their understanding of the information.  
 Results from the food science lecture 28 material showed relationships from steps one 
and three of the mediation equations. From step one of the mediation equation, there was a 
negative relationship between the control of knowledge acquisition learning belief dimension 
and GCL. Also, there was a negative relationship between the speed of knowledge acquisition 
learning belief dimension and GCL. The results show that students who held sophisticated 
learning belief dimensions indicated an enhancement in their understanding of the information. 
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There were positive relationships between the speed of knowledge acquisition learning belief 
dimension and non-GCL. The results show that students who held sophisticated learning beliefs 
tend to report the explanation and presentation of the information as being not complex and 
clear. 
 From step three of the mediation equation, results showed negative relationships between 
all four of the learning belief dimensions on GCL with ATG as a mediator. The results show that 
students who held sophisticated learning beliefs indicated an enhancement of their understanding 
of the information in ATG format. On the other hand, results showed positive relationships 
between all four of the learning belief dimensions on GCL with VATG as a mediator. The results 
show that students who held sophisticated learning beliefs indicated no enhancement in their 
understanding of the information in VATG format.  
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CHAPTER V: DISCUSSION/ CONCLUSION 
 The purpose of the study was to determine if multimedia types were 
moderators/mediators to the relationship between students’ learning beliefs and the impact on 
cognitive load. The two research questions for this study were: 
1) Which multimedia types moderated the relationship between learning beliefs and the impact 
on cognitive load?  
2) Which multimedia types mediated the relationship between learning beliefs and the impact 
on cognitive load? 
 For each of the questions, the researcher discusses the content within and the types of 
learning to be achieved through each food science lecture material. Then, provides explanations 
for the findings and places them in the context of literature regarding the role learning beliefs and 
multimedia types has on cognition in higher education courses. The implications of the findings 
are intended to provide new insights into how multimedia types moderates and/or mediates the 
relationship between learning beliefs and cognitive load in a food science and human nutrition 
undergraduate general education course with an asynchronous component. Based on results from 
this study, suggestions for future research are presented. Additionally, recommendations for 
higher education researchers and practitioners and for those who work in a virtual environment 
are proposed.   
Types of Learning  
 The content and learning objectives from each of the food science lecture materials were 
based on the second (i.e. understand) and third (i.e. apply) levels of the revised Bloom’s 
taxonomy. Additionally, certain strategies were used to design the content to support students’ 
conceptual knowledge and procedural learning. The design strategy used to improve students’ 
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conceptual knowledge was the expository approach. In this approach, the instructor first 
discusses the concept and provides a number of examples and non-examples. Thus, it is expected 
that if students improved their conceptual knowledge, they would be able to explain the concept 
in their own words (Smith & Ragan, 2005).  
 For students to improve their procedural learning there is a four-step design strategy used. 
First, the instructor needs to establish if a procedure is needed for students to complete a task 
(concept recognition). Second, the student needs to recall the steps within the procedure 
(declarative knowledge). Third, students complete the steps in the procedure. Finally, the 
instructor analyzes the completed procedure and confirms/disconfirms the procedure has been 
applied correctly (Smith & Ragan, 2005). Even though the content difficulty, learning objectives, 
and types of learning were similar in all food science lecture materials, the specific topics 
differed.  
 Food Science Lecture 12 Material. The instructor explained the phases of the water 
molecule and discussed how temperature and pressure affects molecular mobility. In particular, 
students needed to understand how to read and interpret the phase diagram to determine how 
temperature and pressure affects the water molecule. The students’ learning objectives were to 
identify the phases of pure water at various pressure and temperature combinations (Bloom’s 
taxonomy - understand), determine the effects of temperature and pressure on molecular mobility 
(Bloom’s taxonomy - apply), and determine the effects of pressure on the temperature at which 
phase transitions occur (Bloom’s taxonomy - apply).  
 Food Science Lecture 15 Material. The instructor discussed the structure and the net 
charges of amino acids in different pH conditions (e.g. acidic, neutral, and basic). Specifically, 
students had to compute the net charge of an amino acid based upon scenarios. The students’ 
 145 
 
learning objectives were to distinguish between the general structure of an amino acid in acidic, 
neutral, and basic pH conditions (Bloom’s taxonomy - understand) and determine the net charge 
of an amino acid at different pH conditions (i.e. acidic, neutral, and basic pH) (Bloom’s 
taxonomy – apply).  
 Food Science Lecture 27 Material. The instructor discussed how to calculate energy 
removal from foods in refrigerated and frozen states. Prior to students learning how to calculate 
these different energy removal, they needed to understand the freezing curve and what 
differentiates one region from another (i.e. latent from sensible heats). Students also needed to 
understand the meaning behind each part of the refrigeration and freezing equations (e.g., weight 
of food and temperature of food) before being presented with a problem to solve. The students’ 
learning objectives were to use the freezing curve for a food system to identify the type of heat 
transfer that occurs (i.e. sensible heat transfer or latent heat transfer) during the refrigeration and 
freezing process (Bloom’s taxonomy - understand), use energy removal equations to calculate 
the amount of energy removed when cooling a specific food from its original temperature down 
to a specific refrigeration temperature (Bloom’s taxonomy – apply), and use energy removal 
calculations to determine the amount of energy removed when freezing a specific food from its 
original temperature down to a specific temperature below its freezing point (Bloom’s taxonomy 
– apply).  
 Food Science Lecture 28 Material. The instructor discussed the variables that impact 
the decimal reduction time (D-value) of a given microorganism. Additionally, information was 
presented about the methods used to determine D-value of microorganisms in different situations 
(e.g. cold or hot temperatures). The instructor discussed and showed in detail two different ways 
to calculate the D-value, a short - hand method and a long hand method. Based on these methods, 
 146 
 
students needed to solve a problem based on either of these methods. The students’ learning 
objectives were to identify some physical and chemical variables that influence the D-value for 
microorganisms (Bloom’s taxonomy - understand), calculate the processing time required for a 
specific microorganism given the initial microbial count, the final microbial count, processing 
temperature and the D-value (Bloom’s taxonomy – apply), and calculate the D-value specific 
microorganisms given the initial microbial count, the final microbial count, the total processing 
time, and processing temperature (Bloom’s taxonomy – apply).  
Research Question 1 
The first question explored multimedia types as potential moderators to the relationship 
between learning beliefs and the impact on cognitive load. Based on the PROCESS statistical 
analysis (Hayes, 2014), there was evidence suggesting multimedia was a moderator to this 
relationship within a general education course with an asynchronous component. Specifically, 
there were two key findings that support this assertion: 
1. Results showed that those students with sophisticated learning beliefs in the certainty of 
knowledge dimension and exposed to information via video + audio + text + graphics 
reported more GCL after reviewing food science lectures 15 and 27 materials.  On the 
other hand, results showed that those students with naive learning beliefs in the certainty 
of knowledge dimension and exposed to information via video + audio + text + graphics 
reported less GCL after reviewing food science lectures 15 and 27 materials. 
2. Results showed that students with sophisticated learning beliefs in speed of knowledge 
acquisition dimension and exposed to information via audio + text + graphics or video + 
audio + text + graphics reported more GCL after reviewing food science lecture 28 
material. On the opposite side, results showed that students with naive learning beliefs in 
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speed of knowledge acquisition dimension and exposed to information via audio + text + 
graphics or video + audio + text + graphics reported less GCL after reviewing food 
science lecture 28 material (See Table 43).  
Table 43 
 
Summary of Multimedia Types as Moderators to the Relationship between Learning Beliefs and Germane 
Cognitive Load 
 
Independent Variable: 
Sophisticated Learning Beliefs 
Moderating Variable: 
Multimedia type 
Dependent Variable: 
Germane Cognitive Load 
Food Science 
Lecture Materials 
Certainty of Knowledge VATG High 15 and 27 
Control of Knowledge 
Acquisition 
- - - 
Speed of Knowledge Acquisition VATG and ATG High 28 
Note. Dashes under columns indicate no significance relationships were present 
 
 The results were consistent in that students reported GCL was impacted after being 
exposed to particular multimedia types with certain learning beliefs. More specifically, video 
was a moderator to the relationship between students’ sophisticated learning beliefs and the 
increase in GCL in the three food science lecture materials. Additionally, audio was a moderator 
to the relationship between students’ sophisticated learning beliefs in the speed of knowledge 
acquisition dimension and the increase in GCL in food science lecture 28 material. As there was 
no evidence from the food science lecture 12 material that multimedia types were moderators, 
the focus of this discussion is on the findings from food science lectures 15, 27, and 28 materials. 
As there is sparse evidence that a relationship exists between learning beliefs and cognitive load, 
the following discussion argues a possible way to explain this moderation effect by reviewing the 
role learning beliefs and multimedia has on enhancing cognitive processing.  
Learning Beliefs. In this study, the EBI instrument was used to understand a students’ 
global perspective towards learning beliefs in a post-secondary context (Schraw et al., 2002). 
Additionally, this study linked this instrument with the Cognitive Load Instrument (Leppink et 
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al., 2013) to understand how students’ learning beliefs influence cognitive load. These 
associations were based on the premise that learning beliefs are similar across all learners in a 
post-secondary environment and can be attributed to academic performance as certain learning 
beliefs (i.e. naive or sophisticated) may lead to lower or higher cognitive processing (Hofer & 
Pintrich, 1997; Rodriguez & Cano, 2006; Schommer, 1994; Schraw, 2001).   
Perry’s (1997; 1999) learning belief theory states that when post-secondary students are 
introduced to higher level academic tasks, those students who hold naive learning beliefs have 
lower cognitive processing (i.e. inability to connect declarative knowledge to conceptual 
knowledge) as they are unable to build schemas to process information. To some extent, 
Schommer (1990) confirmed Perry’s theory in her study. She developed the first quantitative 
instrument to assess the five dimensions of one’s learning beliefs: structure of knowledge, 
certainty of knowledge, control of knowledge, source of knowledge, and speed of knowledge. In 
her study, students were assessed on their comprehension after reading a passage about 
psychology or nutrition. The reading passage did not include a conclusion. Students had to 
complete the belief instrument, rate their understanding of the reading material, take a post-test, 
and write a conclusion for the passage. She found students who held naive learning beliefs in the 
certainty of knowledge dimension wrote inappropriate conclusions that were more absolute 
about the reading material. Students who held naive beliefs in the speed of knowledge 
acquisition dimension rated highly in their understanding of the material, but performed poorly 
on the post-test and wrote an oversimplified conclusion for the passage. She concluded that 
certain learning beliefs impact students’ abilities to process information and monitor their 
comprehension. For example, she argued that students with naive learning beliefs in the certainty 
of knowledge dimension believed knowledge was absolute and tended to have lower cognitive 
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processes and students with naive learning beliefs in the speed of knowledge acquisition 
dimension believed one who does not acquire knowledge quickly will never learn it. She also 
indicated that students who held naive beliefs were able to recall information towards the 
subject, but were unable to explain the information. In other words, students with naive beliefs in 
the certainty of knowledge and the speed of knowledge acquisition dimensions can recall 
information without problems (i.e. declarative knowledge or remembering level of Bloom’s 
revised taxonomy), but cannot elaborate on its meaning (i.e. conceptual knowledge or understand 
level of Bloom’s revised taxonomy). In this study, the results showed that an increase in 
cognitive processing, (i.e. increased germane cognitive load) occurred only among those who 
had sophisticated beliefs in the certainty of knowledge and the speed of knowledge acquisition 
dimensions, which confirmed that sophisticated believers have the ability to understand 
information at a higher cognitive level (i.e. conceptual knowledge and procedural learning). 
Certainty of Knowledge. In this study, students with sophisticated beliefs in the certainty 
of knowledge dimension reported their understanding of the information during lectures was 
enhanced with the online supporting food science lectures 15 and 27 materials. Students who 
hold sophisticated beliefs in this dimension believe knowledge is not fixed and can be changed 
over time. These students also tend to have higher cognitive processing than naive believers in 
this dimension (Schommer, 1990; Schraw et al., 2002). Based on the post-test scores from this 
study, students had higher cognitive processes as they improved upon their conceptual 
knowledge and procedural learning when reviewing the amino acid and energy removal content. 
Evidence from the literature supports this finding, further associating sophistication of learning 
with higher cognitive processing and lower mental effort (Liu, 2010; Scheiter et al., 2009). Liu 
(2010) had the objective to evaluate the relationship between college students’ learning beliefs 
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and cognitive processing. In this case students were being assessed on their procedural learning. 
For this, he conducted a qualitative web-based study among undergraduate college students who 
had low prior knowledge to calculus. He administered the EBI to 52 students initially, but for the 
qualitative portion of his study recruited four students (Schraw et al., 2002) and asked them to 
solve several complex calculus problems. He found that students who had sophisticated beliefs in 
the certainty of knowledge dimension were able to correctly solve the calculus problems. He 
concluded that these students had higher cognitive abilities (i.e. procedural learning) than 
students with naive learning beliefs. In a different study, Scheiter and colleagues (2009) explored 
the impact learning beliefs had on perceived mental effort in a way to explain cognitive 
processing. College educational psychology students (n= 79) first took the EBI (Schraw et al., 
2002), and then were presented information on probability theory via video format in a web-
based setting. These students had low prior knowledge towards the content. Results showed 
students who held sophisticated learning beliefs in the certainty of knowledge dimension 
indicated lower amounts of mental effort.  Additionally, their post-test scores were higher 
compared to students who held naive learning beliefs. The authors concluded that cognitive 
abilities were higher since these students had to put forth less effort to understand the 
information.  
In this study, evidence to the contrary was also observed (i.e. naive believers in this 
dimension) reported their understanding of the information was not enhanced. As students with 
naive beliefs in this dimension tend to believe knowledge is absolute, they may not have been 
able to connect declarative knowledge to conceptual knowledge and procedural learning (Perry 
1997; 1999; Schommer, 1990). Based on pre-test scores, students had low prior knowledge to the 
content in food science lectures 15 and 27 materials. During the class lectures, the instructor 
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introduced students to amino acids (i.e. lecture 15) and energy removal (i.e. lecture 27) concepts. 
Students who believe knowledge is absolute might have not needed the additional food science 
lecture materials available online as they perceived they understood the information in class. 
Indeed, the naive believers in this dimension reported their understanding of the information was 
not enhanced with the asynchronous supporting materials and they performed poorly on the post-
tests.  
Based on the post-test scores, these naive believers may not have understood (i.e. low 
conceptual knowledge) or been able to apply (i.e. low procedural learning) that knowledge they 
initially assumed was obtained during the class. Chan and colleagues (2011) observed a similar 
finding where naive believers in this dimension had lower cognitive processing. In their study, 
138 undergraduate students, majors from a variety of disciplines, were recruited to evaluate the 
relationship between learning beliefs and critical thinking skills. The students first took the EBI 
(Schraw et al., 2002) and then they read a controversial passage about weight status among 
college female students. They were asked to respond to open-ended and forced choice questions 
about the social stigma associated with weight status. Results showed that students who held 
naive learning beliefs in the certainty of knowledge dimension had low critical thinking skills as 
they were unable to provide an in depth explanation of the reading. The authors concluded that 
educators need to foster students’ development of sophisticated learning beliefs in order for them 
to perform cognitively well in the classroom.  
 Speed of Knowledge Acquisition. There is evidence from this research showing that 
students who held sophisticated beliefs in the speed of knowledge acquisition dimension reported 
their understanding of the information was enhanced. Contrary to naive believers in this 
dimension, sophisticated learners believe knowledge is acquired gradually, and thus, they tend to 
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take more time to process the information. As a result, they experience higher cognitive 
processes to understand complex (i.e. conceptual knowledge and/ or procedural learning) 
information (Schommer, 1990; Schraw et al., 2002). Prior to reviewing food science lecture 28 
material, in class the instructor initially discussed basic D-value concepts to improve students’ 
declarative knowledge. Students who believe learning is a gradual process may have understood 
D-value concepts presented in class and cemented that knowledge after reviewing the online 
materials (i.e. lecture 28); as a result they reported an enhanced understanding of the 
information. In a previous study, the researcher showed that students with sophisticated learning 
beliefs also had less perceived mental effort (Andrade et al., 2013). In these studies, Andrade and 
colleagues (2013) used a general education food science and human nutrition course with an 
asynchronous component to determine the relationship between learning beliefs and multimedia 
types and the impact on perceived mental effort. College students (n=182) were split into one of 
three groups, audio + text + graphics, or text + graphics, or video + audio + text + graphics and 
viewed information on three various food science topics based on declarative knowledge, 
conceptual knowledge, and procedural learning. Based on Paas’ (1992) perceived mental effort 
instrument, students who held sophisticated learning beliefs in the speed of knowledge 
acquisition reported less perceived mental effort. This group concluded that learning beliefs 
could influence students learning, more so when the delivery format uses multimedia.  
 Similar to Schommer’s (1990) findings, this study also showed students who held naive 
beliefs in the speed of knowledge acquisition dimension reported their understanding of the 
information provided in class was not enhanced after reviewing the supporting materials online.  
According to Schommer (1990), students who hold naive learning beliefs in the speed of 
knowledge acquisition dimension believe that learning forms quickly, and if you cannot learn it 
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quickly, you will never learn it. Thus, students who believe that learning forms quickly tend to 
have lower cognitive processing than those who believe learning forms gradually (Schommer, 
1990; Schraw et al., 2002). Prior to reviewing food science lecture 28 material, students were 
introduced to the D-value concepts in class. For those students who believe learning forms 
quickly, if they were not able to recognize D-value concepts during class (i.e. low declarative 
knowledge) they would have not been able to understand (i.e. conceptual knowledge) and apply 
this knowledge (i.e. procedural learning) when presented with additional material about D-value. 
This was evident when they reported their understanding of the information was not enhanced.  
Comparable to the discussion for the certainty of knowledge learning belief dimension, 
limited but supportive evidence, has explored the role of learning belief, specifically in the speed 
of knowledge acquisition dimension in promoting cognitive processing.  Besides the certainty of 
knowledge learning belief dimension, Liu (2010) found that students with naive beliefs in the 
speed of knowledge acquisition dimension were not able to solve the calculus problems correctly 
and spent less time on each of the problems than those students with sophisticated beliefs in this 
dimension. He identified that these naive believers applied the functions taught to them in class 
to the problems presented in these materials, thus they assumed they were solving the problems 
correctly. However, since these students did not have higher cognitive abilities, they were not 
able to recognize the functions taught in class could not always be used to solve these particular 
problems. Furthermore in their studies with college students from educational psychology, 
Scheiter and colleagues (2009) showed students who held naive beliefs in the speed of 
knowledge acquisition dimension reported higher amounts of mental effort along with lower 
post-test scores when compared to students with sophisticated learning beliefs. The authors 
attributed these results to their cognitive abilities in that naive believers who view learning as 
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quick are unable to build effective schemas as they tend to assume if they learned it once and 
memorized it, they can apply that information. 
  In summary, the results from this study, in alignment with those of others reviewed, 
support the argument that holding sophisticated learning beliefs in the certainty of knowledge 
and the speed of knowledge acquisition dimensions promote cognitive processing, which is 
potentially manifested by higher performance and enhanced germane cognitive load. The 
contrary is also true and makes imperative that educators focus their attention to students’ 
learning beliefs in these dimensions to improve their understanding of the information.  
As discussed, naive believers may have been unable to link their declarative knowledge 
to conceptual knowledge and procedural learning in the food science lecture materials, thus 
affecting their ability to understand the information as confirmed by their post-test scores. Based 
on the results, this association was moderated by the multimedia format used to deliver the food 
science lecture materials. The following discussion addresses how multimedia can enhance 
understanding of information by influencing cognitive load (i.e. enhancing germane cognitive 
load) considering students’ learning beliefs.  
The Role of Multimedia as a Moderator. Mayer’s nine design methods within his 
Cognitive Theory of Multimedia Learning (CTML) were used to design the food science lecture 
materials in an attempt to reduce students’ extraneous cognitive load (ECL) (Mayer & Moreno, 
2003; Mayer, 2010). According to Mayer’s CTML, reducing ECL should promote cognitive 
processing because it facilitates formation of schemas as indicated by others (Ayers, 2013; Chien 
& Chang, 2012; Moreno, 2012). Additionally, researchers have indicated GCL can also be 
affected by the instructional design of the material (Brüken et al., 2003; Leppink et al., 2013). 
Thus, the adequate arrangement of instructional features can essentially promote construction of 
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new schemas and their automation resulting in an enhanced understanding of the information by 
reducing ECL and/or increasing GCL.  In this study, even though the researcher designed the 
content from the various food science lecture materials to potentially reduce students’ ECL, the 
results revealed GCL was affected by the particular multimedia types (i.e. audio and video) in 
association with students’ learning beliefs.  
Audio as a Moderator. Based on the results, students who held sophisticated beliefs in 
this dimension after reviewing food science lecture 28 material in audio format indicated their 
understanding of the information was enhanced. Since these students believe knowledge changes 
and learning is a gradual process, if they did not fully grasp the concepts presented in class, then 
being presented with further information in audio format assisted them in not only understanding 
(i.e. conceptual knowledge), but also having the ability to apply (i.e. procedural learning) that 
knowledge. This is supported by their post-test scores and their indication that their 
understanding of the information was enhanced after reviewing food science lecture 28 material. 
Bromme and colleagues (2010) came to similar conclusions in their study. Their study was to 
determine the relationship between college students’ learning beliefs and perceptions of task 
difficulties in a hypermedia environment. College students majoring in humanities (n= 129) were 
presented with molecular biology content in a hypermedia environment (i.e. audio, text, and 
animations) that was designed using Bloom’s revised taxonomy (i.e. from remembering to 
create). After reviewing the information they were presented with questions based on declarative 
knowledge to procedural learning. They then filled out an instrument to indicate the cognitive 
approaches they used (i.e. structuring, memorizing, or processing critically) to answer the 
questions. Their results demonstrated students with sophisticated learning beliefs correctly 
identified the cognitive approaches (i.e. processing critically) needed to answer the questions (i.e. 
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procedural learning). They concluded sophisticated believers are able to process complex 
information and build schemas efficiently to understand information. In opposition, naive 
believers may need prompts to help process simple (i.e. declarative knowledge) and complex 
(i.e. procedural learning) information to build effective schemas. 
The results from the researcher’s study also supported the contrary, where students who 
held naive learning beliefs in the speed of knowledge acquisition dimension and reviewed the 
material from food science lecture 28 in audio format indicated that their understanding of the 
information was not enhanced. Students who hold naive beliefs in the certainty of knowledge 
and the speed of knowledge acquisition dimensions believe knowledge is absolute and learning 
is acquired quickly, respectively. These naive believers tend to have lower cognitive processing 
and perform poorly on tests that assess their higher cognitive processes (i.e. procedural learning) 
(Schommer, 1990; Schraw et al., 2002).  
 As with the other food science lecture materials, the main concepts (e.g. D-Value) within 
the food science lecture 28 material were first presented in class. If students with naive beliefs 
did not understand the information presented in class, then being presented with additional 
material that was meant to enhance their conceptual knowledge and procedural learning would 
not be beneficial. It is possible that the audio format may have negatively overstimulated this 
group of students who already have problems with cognitive processing and thus reflected in 
their poor post-test performance. Similar findings were reported by Rummer and colleagues 
(2011). They conducted a study in which college students (n=157) viewed content surrounding 
fictitious constellations in audio + pictures, text + pictures or text only formats. To determine if 
students comprehended the information (i.e. conceptual knowledge), students completed 
knowledge assessments and also rated the amount of mental effort they put forth via the Paas’ 
 157 
 
(1992) perceived mental effort instrument. Results indicated students who were presented 
information in audio + pictures format had higher perceived mental effort scores and did not 
perform well on the assessments. The authors concluded that to deliver complex information in 
different multimedia formats, one needs to ensure the information is designed well so that 
students can understand information.  
 Video as a Moderator. Students with sophisticated learning beliefs in these dimensions 
(i.e. certainty of knowledge and speed of knowledge acquisition) reported their understanding of 
the information was enhanced after exposure to the lecture materials via video. Even though this 
material was presented in class, sophisticated learning believers may have preferred to have this 
information reiterated in video format after the class. As these students believe knowledge 
changes and learning is a gradual process they may have understood the basic concepts in class, 
but needed the materials to enhance their understanding (i.e. conceptual knowledge) and ability 
to apply (i.e. procedural learning) this knowledge. Chien and Chang (2012) reported similar 
observations from their study, which aimed at finding the association between perceived mental 
effort and performance on post-tests among a population of college students. Briefly, they placed 
college students with low prior knowledge into three different multimedia groups (e.g. text, 
audio, or video) to review science content (i.e. conceptual knowledge). After students viewed the 
science information, they completed Paas’ (1992) perceived mental effort instrument and took a 
post-test. Their results showed that students exposed to video multimedia indicated lower 
amounts of perceived mental effort. Additionally, those students who reported less mental effort 
also performed better on the post-tests than students who reported more mental effort. Based on 
the mental effort and post-test scores, they concluded the material in video format was designed 
well as potentially ECL was low and possibly GCL was high as these students were able to 
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process the information to perform well on the post-tests in these two multimedia types. 
Additionally, Kay and Kletskin (2012) discovered college students exposed to complex calculus 
information (i.e. procedural learning) indicated their understanding of the information and thus 
performance on post-tests were higher when introduced to video information via podcasts. Their 
study setting was in an introductory to calculus course in which the participants were freshman 
college students majoring in engineering, science, and education and had low prior knowledge to 
particular calculus concepts. Due to the nature of a non-controlled setting, the students elected to 
either watch or not to watch the video podcasts. The students had to fill out a survey to assess 
their understanding of the material after watching the video podcasts. Additionally, grades were 
reviewed after exams to determine if the video podcasts enhanced their understanding of the 
information. Results showed students that viewed the calculus information in video podcasts 
reported their understanding of the information was enhanced and performed better on the post-
tests than students who elected not to view the video podcasts. They concluded the videos were 
able to enhance a student’s understanding of complex information and these videos should be 
integrated into calculus courses.  
 The researcher’s study also showed evidence that students with naive learning beliefs in 
the certainty of knowledge and the speed of knowledge acquisition dimensions indicated their 
understanding of the information was not enhanced after reviewing the content in food science 
lectures 15, 27, and 28 materials in video format. Students who hold naive beliefs in certainty of 
knowledge and speed of knowledge acquisition dimensions believe knowledge is absolute and 
learning is acquired quickly. These naive believers tend to have lower cognitive processing and 
perform poorly on tests that assess their higher cognitive processes (i.e. procedural learning) 
(Schommer, 1990; Schraw et al., 2002). 
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 Even though concepts from these food science lecture materials were presented first in 
class, it is possible that naive believers who reviewed this information in video format may have 
felt overstimulated with the amount of multimedia, thus the results.  An overstimulation of 
multimedia may inhibit one’s ability to build schemas to solve problems (Medula, 2012; 
Morrison et al., 2014). Medula’s (2012) study discovered overreliance on multimedia caused 
students to expend more mental effort, which was reflected in their poor performance in post-
tests. In this study, he recruited undergraduate college students majoring in various disciplines to 
view content surrounding physics. Students were allocated into three multimedia groups: text, 
audio + text, and video + audio + text, the students then reviewed physics information in one of 
these three multimedia groups, completed a post-test to assess their conceptual knowledge, and 
completed the perceived mental effort instrument. He reported that mental effort was higher and 
post-test scores were lower among the video + audio + text group. He concluded that students 
were unable to understand the complex information due to the over stimulation of the 
multimedia. He also indicated that, in a non-controlled setting, students’ interests and 
characteristics may also have a role in affecting cognitive load aside from just the multimedia 
type.  
 Overall, the results from this study were mixed in that students with sophisticated beliefs 
in the certainty of knowledge and the speed of knowledge acquisition dimensions reported their 
understanding of the information was enhanced in the audio and/or video formats. This could be 
attributed to their actual beliefs in that they believe knowledge changes and learning is a gradual 
process and tend to have higher cognitive processes. Therefore, regardless of the type of 
multimedia presented to them, they would have been able to build schemas that were necessary 
to process and thus understand the information. Whereas students with naive beliefs in the 
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certainty of knowledge and the speed of knowledge acquisition dimensions reported their 
understanding of the information was not enhanced in the audio and/or video formats. Students 
with naive beliefs in these dimensions believe knowledge is absolute and learning is obtained 
quickly. They also tend to have lower cognitive processes. Naive believers in this study may 
have felt they already obtained the material from class, thus felt overstimulated with the amount 
of multimedia presented to them. This led to them not being able to effectively form schemas, 
consequently the reason they reported their understanding was not enhanced. This was also 
confirmed by their low post-test scores. Therefore, instructors and/or instructional designers may 
need to present science- based information clearly without the use of multiple multimedia types 
(i.e. audio only without text and graphics) to assist those with naive learning beliefs to form 
effective schemas to understand and apply information. Additionally, in class the instructor 
needs to explain how these additional materials can assist students in understanding and applying 
science-based information. This may help naive believers realize further explanation and 
reiteration of complex information can in fact help them improve their conceptual knowledge 
and procedural learning.  
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Research Question 2 
 The second question explored multimedia types as mediators to the relationship between 
learning beliefs and the impact on cognitive load. Based on Dudley and colleagues’ (2004) 
equation to determine mediation, results showed evidence that multimedia types were partial 
mediators to the relationship between students’ learning beliefs and the impact on cognitive load 
after students reviewed food science lecture 28 material. Additionally, results showed 
relationships between learning beliefs and multimedia or learning beliefs and cognitive load after 
students reviewed food science lectures 12 and 27 materials. Results from the particular steps of 
the mediation equation were as follows:  
1. Results from step 1 of the mediation equation showed that there was a negative 
relationship between the certainty of knowledge learning belief dimension and the 
multimedia types audio + text + graphics and video + audio + text + graphics within the 
food science lecture 12 material.   
2. Results from step 2 of the mediation equation showed students who held sophisticated 
learning beliefs in the control of knowledge acquisition dimension reported more GCL 
after reviewing food science lectures 27 and 28 materials. On the other hand, results 
showed students who held naive learning beliefs in the control of knowledge acquisition 
dimension reported less GCL after reviewing food science lectures 27 and 28 materials. 
Additionally, students who held sophisticated learning beliefs in the speed of knowledge 
acquisition dimension reported more GCL and less non-GCL after reviewing food 
science lecture 28 material. On the contrary, students who held naive learning beliefs in 
speed of knowledge acquisition dimension reported less GCL and more non-GCL after 
reviewing food science lecture 28 material.  
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3. Results from step 3 of the mediation equation showed students who held sophisticated 
learning beliefs in all three dimensions (e.g. certainty of knowledge, control of 
knowledge acquisition, and speed of knowledge acquisition) and were introduced to 
audio + text + graphics reported more GCL after reviewing food science lectures 27 and 
28 materials. Conversely, results showed students who held sophisticated learning beliefs 
in all three dimensions and were introduced to audio + text + graphics reported less GCL 
after reviewing food science lectures 27 and 28 materials.  
Results also showed students who held sophisticated learning beliefs in all three 
dimensions (e.g. certainty of knowledge, control of knowledge acquisition, and speed of 
knowledge acquisition) and were introduced to video + audio + text + graphics reported 
less GCL after reviewing food science lectures 27 and 28 materials. In contrast, results 
showed students who held naive learning beliefs in all three dimensions and were 
introduced to video + audio + text + graphics reported more GCL after reviewing food 
science lectures 27 and 28 materials (See Table 44). 
Table 44 
 
Summary of Multimedia Types as Mediators to the Relationship between Learning Beliefs and Cognitive Load 
 
Independent Variables: 
Sophisticated Learning 
Beliefs 
Mediating 
Variables: 
Multimedia types 
Dependent 
Variables: Germane 
Cognitive Load 
Dependent 
Variables: Non-
Germane Cognitive 
Load 
Food Science 
Lecture 
Materials 
Certainty of Knowledge ATG / VATG High / Low  - 12, 28 
Control of Knowledge 
Acquisition 
ATG/ VATG High/ Low - 27, 28 
Speed of Knowledge 
Acquisition 
 
ATG/ VATG 
 
High/Low 
 
Low/ High 
 
28 
Note. Dashes under columns indicate no significant relationships were present 
 
 As mentioned, the results were inconsistent to draw a definitive conclusion multimedia 
types were a mediator on the relationship between learning beliefs and the impact on cognitive 
load. From the results there was no evidence in food science lecture 15 material that multimedia 
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types were mediators. The results from food science lecture 12 material showed a negative 
relationship between certainty of knowledge dimension and audio and video formats.  However, 
there were no further associations of statistical significance according to the mediation equation. 
Dudley and colleagues’ (2004) indicate that for mediation to occur all factors should be 
associated (learning belief, multimedia format and cognitive load), either positively or 
negatively. Thus, it is difficult to draw conclusions as to whether a student who has naive or 
sophisticated learning beliefs determines how multimedia has a significant impact on his/her 
cognitive load. Therefore, the focus of this discussion will be on the findings from food science 
lectures 27 and 28 materials. Considering the evidence for the relationship between learning 
beliefs and cognitive load is lacking, the following discussion argues a possible way to explain 
this partial mediation by reviewing the role learning beliefs and multimedia has in augmenting 
cognitive processing.  
Learning Beliefs. The EBI instrument (Schraw et al., 2002) was used in this study to 
determine students’ global perspectives of their beliefs toward learning. In an attempt to 
understand how learning beliefs influence cognitive load, the Cognitive Load Instrument 
(Leppink et al., 2013) was used. These associations were based on the premise that learning 
beliefs are similar across all learners in a post-secondary environment and can be attributed to 
academic performance as certain learning beliefs (i.e. naive or sophisticated) may lead to lower 
or higher cognitive processing (Hofer & Pintrich, 1997; Rodriguez & Cano, 2006; Schommer, 
1994; Schraw, 2001). Consistent with results from prior studies (Perry 1997; 1999; Schommer, 
1990), certain learning belief dimensions (i.e. control of knowledge acquisition and speed of 
knowledge acquisition) had an influence on students’ germane and non-germane cognitive loads.  
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 Control of Knowledge Acquisition. In this study, students with sophisticated learning 
beliefs in the control of knowledge acquisition dimension reported their understanding of the 
information was enhanced after reviewing food science lectures 27 and 28 materials. Students 
who hold sophisticated beliefs in this dimension believe knowledge is acquired as one ages and 
also tend to have higher cognitive processes (Schommer, 1990; Schraw et al., 2002).  
 Students with sophisticated beliefs in this dimension may have been more receptive to the 
information being presented in class. This in effect allowed them to improve their declarative 
knowledge regarding the content. As the content within the food science lecture materials were 
designed using the expository approach from the conceptual knowledge strategy and four steps 
from the procedural learning strategy, after reviewing these materials students who held 
sophisticated beliefs in this dimension might have been able to link their declarative knowledge 
to conceptual knowledge and procedural learning. Thus, the reason they reported their 
understanding of the information was enhanced. Similar to these results, Hartley and Bendixen 
(2003) sought to determine the learning belief dimensions that had an impact on cognition in a 
web-based environment that used hypermedia (i.e. video, text, and animations). College students 
(n=101), majoring in various disciplines, viewed a video tutorial about E. Coli and were told 
tools were available (e.g. self-assessments, glossaries, and map guides). The students were 
informed they had 30 minutes to view this tutorial and then a test would be given. Results 
indicated that students who held sophisticated learning beliefs in the control of knowledge 
acquisition dimension used the tools less frequently than the naive believers. The authors 
concluded these students were able to comprehend the information on the slide due to their 
ability to form schemas, thus did not need the tools. 
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 Contrary to the above results found in this study, students who held naive learning beliefs 
in the control of knowledge acquisition dimension reported their understanding of the 
information was not enhanced after reviewing food science lectures 27 and 28 materials. 
Students who hold naive beliefs in this dimension believe knowledge is acquired at birth. This 
means if one is not born intelligent, then attempting to gain knowledge through life will be 
difficult. These students also tend to have lower cognitive processes (Schommer, 1990; Schraw 
et al., 2002). Based on pre-test results, students had low prior knowledge to the content presented 
in food science lectures 27 (i.e. energy removal) and 28 (i.e. D-value) materials. Even though the 
concepts of both these materials were presented in class, if these students were unable to grasp 
the information in class (i.e. low declarative knowledge), then presenting them with additional 
materials to improve their conceptual knowledge and procedural learning did not occur as seen 
by their low post-test scores and indication their understanding of the information was not 
enhanced. Chan and colleagues (2011) came to similar conclusions in that undergraduate 
students who held naive learning beliefs in the control of knowledge acquisition dimension were 
unable to critically reflect upon a controversial passage about weight status among female 
college students. Briefly, 138 college students majoring in a variety of disciplines took the EBI 
(Schraw et al. 2002), then they were asked to respond to open-ended and forced choice questions 
about the social stigma associated with weight status. Results showed that students who held 
naive learning beliefs in the certainty of knowledge dimension had low conceptual knowledge as 
they were unable to provide an in depth explanation of the reading. The authors concluded 
educators need to foster students’ development of sophisticated learning beliefs in order for 
students to perform cognitively well in the classroom.  
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Speed of Knowledge Acquisition. Based on the results, students who held sophisticated 
learning beliefs in the speed of knowledge acquisition dimension reported more GCL and less 
non-GCL after reviewing food science lecture 28 material. This meant that students with 
sophisticated learning beliefs in the speed of knowledge acquisition reported the explanation and 
presentation of the information was not complex, the information was presented clearly, and 
their understanding of the information was enhanced. As opposed to naive believers in this 
dimension, sophisticated learning beliefs in this dimension believe learning is a gradual process 
and tend to have higher cognitive processing (Schommer, 1990; Schraw et al., 2002).  
These students were first introduced to the D-value content in class, thus might have been 
able to recall and remember the information (i.e. declarative knowledge). Thus, when introduced 
to information that was designed to improve higher cognitive processes (i.e. conceptual 
knowledge and procedural learning) they were able to understand and apply that knowledge. 
This was seen in their post-test scores and their indication the presentation of the information 
was clear, not complex, and enhanced their understanding of the information. As similar to their 
results concerning control of knowledge acquisition, Hartley and Bendixen (2003) showed 
similar conclusions in the speed of knowledge acquisition dimension. College students viewed 
information about E. Coli that had aids available on the screens (e.g. self-assessments, glossaries, 
and map guides). Results showed students who held sophisticated beliefs in the speed of 
knowledge acquisition dimension spent less time reviewing the information and did not use the 
aids as frequently as the naive believers in this dimension. The authors concluded sophisticated 
believers in this dimension did not view the aids as quick sources to obtain their information, 
thus they read through the slides. By reading the slides they were able to build effective schemas 
for higher cognitive processing to understand this information.   
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 Results from this study also showed the opposite effect in that students with naive 
learning beliefs in the speed of knowledge acquisition dimension reported less GCL and more 
non-GCL after reviewing food science lecture 28 material. This indicates that those particular 
students thought the presentation of the information was unclear, complex, and did not enhance 
their understanding of the information. Students who hold naive beliefs in speed of knowledge 
acquisition believe if one does not acquire knowledge quickly, they will never know it. As with 
naive beliefs in other dimensions, they also have lower cognitive processes (Schommer, 1990; 
Schraw et al., 2002).  
 Prior to reviewing food science lecture 28 material, students were introduced to the D-
value concepts in class. For those students who believe learning forms quickly, if they were not 
able to recognize D-value concepts in class (i.e. low declarative knowledge) they would not have 
been able to understand (i.e. conceptual knowledge) and apply their knowledge (i.e. procedural 
learning) when presented with additional online material about D-value. Naive believers in this 
dimension also reported the presentation of the information was unclear and complex. The 
researcher designed these materials with the assumption students would have had declarative 
knowledge about the content from class. Thus, the strategies used were based on improving 
students’ conceptual knowledge and procedural learning. If students believe learning is acquired 
quickly and did not have declarative knowledge from class, then presenting them with 
information that requires higher cognitive processing would have not been accomplished. This is 
seen not only in their report the presentation of the information was complex, unclear, and did 
not enhance their understanding, but also with their post-test scores. Another reason students 
reported the presentation of the information was complex and unclear may have been the time 
they spent on the materials. Students had the ability to control the pace of the food science 
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lecture material. If one is a naive believer in this dimension, they may have scrolled through the 
slides quickly, thus they were unable to form effective schemas to improve their cognitive 
processing. There are few studies with similar results in that students who held naive learning 
beliefs in the speed of knowledge acquisition dimension had lower cognitive abilities (Liu, 2010; 
Scheiter et al., 2009). Liu (2010) found that college students majoring in a variety of disciplines 
with naive beliefs in the speed of knowledge acquisition dimension were not able to solve the 
calculus problems correctly and spent less time on each of the problems than those students with 
sophisticated beliefs in this dimension. He identified these naive believers applied the functions 
taught to them in class, thus assumed they were solving the problems correctly. However, since 
these students did not have higher cognitive abilities, they were not able to recognize the 
functions taught in class could not always be used to solve these particular problems. 
Furthermore in their studies with college students from educational psychology, Scheiter and 
colleagues (2009) showed students who held naive beliefs in the speed of knowledge acquisition 
dimension reported higher amounts of mental effort along with lower post-test scores when 
compared to students with sophisticated learning beliefs. The authors’ attributed these results to 
their cognitive abilities in that naive believers who view learning as quick are unable to build 
effective schemas as they tend to assume if they learned it once and memorized it, they can apply 
that information. 
To recapitulate, the results from this study, in alignment with those of others reviewed, 
support the argument that holding sophisticated learning beliefs in the control of knowledge 
acquisition and the speed of knowledge acquisition dimensions promote cognitive processing, 
which is potentially manifested by higher performance, increased germane cognitive load and 
decreased non-germane cognitive load. The contrary is also true and makes imperative that 
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educators focus their attention to students’ learning beliefs in these dimensions to improve their 
understanding of the information.  
As discussed, naive believers may have been unable to link their declarative knowledge 
to conceptual knowledge and procedural learning in the food science lecture materials, thus 
affecting their ability to understand the information as confirmed by their post-test scores. Based 
on the results, this association was mediated by the multimedia format used to deliver the food 
science lecture materials. The following discussion addresses how multimedia can promote 
understanding of information by influencing cognitive load (i.e. enhancing germane cognitive 
load).  
The Role of Multimedia as a Mediator. Results were promising in that audio and video 
multimedia types partially mediated the relationship between students’ learning beliefs and the 
impact on GCL after students reviewed food science lecture 28 material. As a brief review, food 
science lecture 28 material’s learning objectives were based on the second (i.e. understand) and 
third (i.e. apply) levels of Bloom’s revised taxonomy. Additionally, the materials were designed 
to improve students’ conceptual knowledge and procedural learning by the expository approach 
from the conceptual knowledge strategy and the four step process of the procedural learning 
strategy (Smith & Ragan, 2005). The content of food science lecture 28 material was slightly 
similar to food science lecture 27’s material as they both contained equations, but lecture 28 had 
different calculation techniques to derive at the value. For instance, lecture 28 presented a long-
hand method and short-hand method to determine the D-value. The long-hand method had 
several steps involved to determine the value. The short-hand method had minimal steps 
involved to determine the value.  
 170 
 
 In congruence, Mayer’s nine design methods within his Cognitive Theory of Multimedia 
Learning (CTML) were used to design the food science lecture materials in an attempt to reduce 
students’ ECL (Ayers, 2013; Chien & Chang, 2012; Mayer & Moreno, 2003; Mayer, 2010). 
Researchers have also indicated GCL can be affected by the instructional design of the material 
(Brüken et al., 2003; Leppink et al., 2013). Thus, the adequate arrangement of instructional 
features can essentially promote construction of new schemas and their automation resulting in 
an enhanced understanding of the information by reducing ECL and/or increasing GCL. In this 
study, even though the researcher designed the content from the various food science lecture 
materials to potentially reduce students’ ECL, the results revealed GCL was affected by the 
particular multimedia types (i.e. audio and video) in association with students’ learning beliefs. 
 Audio as a Mediator. In this study, students who held sophisticated learning beliefs in all 
three dimensions (e.g. certainty of knowledge, control of knowledge acquisition, and speed of 
knowledge acquisition) and were introduced to audio + text + graphics reported their 
understanding of the information was enhanced after reviewing food science lecture 28 material. 
Students who hold sophisticated beliefs in these dimensions have a complex view of learning in 
that knowledge changes, learning occurs as one ages, and learning is a gradual process. Students 
with sophisticated beliefs also tend to have higher cognitive processes (Schommer, 1990; Schraw 
et al., 2002).  
 The instructor introduced the concepts from food science lecture 28 (i.e. D-value) 
material in class. If students improved their declarative knowledge about the concepts in class, 
then being presented with further online information in audio format assisted them in not only 
understanding (i.e. conceptual knowledge), but also having the ability to apply (i.e. procedural 
learning) that knowledge. Limited studies were able to show significance with the relationship 
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between these particular learning beliefs and cognition in an audio format. Bromme and 
colleagues (2010) determined that college students majoring in humanities (n=129), who held 
sophisticated learning beliefs, when presented with complex molecular biology content (i.e. 
procedural learning) they were able to correctly identify the cognitive approaches needed to 
solve complex tasks. They concluded sophisticated believers are able to process complex 
information and build schemas efficiently to understand the information. 
 In contrast, students who held naive learning beliefs in all three dimensions (e.g. certainty 
of knowledge, control of knowledge acquisition, and speed of knowledge acquisition) and were 
introduced to audio + text + graphics reported their understanding of the information was not 
enhanced. Students who hold naive learning beliefs tend to view knowledge as simple. That is 
knowledge does not change over time, one is born with a certain amount of knowledge, and 
knowledge is acquired quickly. These naive believers also tend to have lower cognitive 
processing abilities to those with sophisticated learning beliefs (Schommer, 1990; Schraw et al., 
2002).  
 These students were introduced to the D-value concepts in class, possibly if they assumed 
they obtained the information from class (i.e. declarative knowledge) they may have not needed 
additional online materials to help them understand the information. Another reason for the 
results may have been the quick advancing of the slides as seen by the average time students 
spent on these materials. Students had the ability to control the pace of the food science lecture 
material. If one is a naive believer, they may have assumed they obtained their information from 
class, thus did not need to listen to all aspects of the slides. However, by them quickly listening 
to the information they were unable to form effective schemas to improve their cognitive 
processing. This led them to reporting their understanding of the information was not enhanced 
 172 
 
and thus their scores on the post-test questions were lower than students who held sophisticated 
learning beliefs in this dimension. Few studies were able to show significance that a relationship 
between these particular learning beliefs and cognition in an audio format existed. Stahl and 
colleagues (2006) discovered that after college students majoring in biology, who held naive 
beliefs in the certainty of knowledge dimension, reviewed information on molecular biology 
content that was based on all aspects of Bloom’s taxonomy (i.e. from remembering to create) in a 
hypermedia-based (i.e. audio, text, and animations) environment performed poorly on tasks that 
assessed their understanding of the complex (i.e. conceptual knowledge and above) content. The 
authors attributed the results to the sophisticated learners’ characteristics (e.g. ability to form 
effective schemas and ability to cognitively process information to form a correct decision) when 
being able to understand complex content information.  
Video as a Mediator. Results also showed in this study that students who held 
sophisticated learning beliefs in all three dimensions (e.g. certainty of knowledge, control of 
knowledge acquisition, and speed of knowledge acquisition) and were introduced to video + 
audio + text + graphics reported their understanding of the information was not enhanced after 
reviewing food science lecture 28 material. One reason could have been the addition of the 
instructor’s virtual presence in the material. Even though the instructor was mimicking her 
actions to resemble what she does in class (i.e. pointing to areas on the slides and moving around 
in the slides), this could have been considered a distraction for sophisticated believers. If these 
students viewed her as a distraction they may have been unable to cognitively process the 
information to understand (i.e. conceptual knowledge) and apply (i.e. procedural learning) within 
those particular food science lecture material. Andrade and colleagues (2014) conducted a mixed 
method study to determine the relationship between perceived mental effort scores and ECL and 
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GCL. College students (n=182), majoring in a variety of disciplines, were randomly assigned 
into one of three multimedia groups (e.g. text + graphics, audio + text + graphics, or video+ 
audio + text + graphics) to view food science and human nutrition materials that differed in 
content difficulty (i.e. declarative knowledge, conceptual knowledge, and procedural learning). 
Students completed Paas’ (1992) perceived mental effort instrument and then responded to open 
ended questions. These open-ended questions asked their thoughts and opinions about these 
materials. Students from the video group had reported more mental effort and indicated their 
understanding of the information was hindered due to the presence of the instructor. However, 
the study did not determine students’ learning beliefs, thus it is not known how learning beliefs 
would have also impacted the results. Results from the present study were in opposition to 
another study that indicated college students majoring in a variety of disciplines who held 
sophisticated learning beliefs in the certainty of knowledge and the speed of knowledge 
acquisition dimensions had higher cognitive abilities and less perceived mental effort when 
presented complex content (i.e. conceptual knowledge or procedural learning) in video formats 
(Scheiter et al., 2009).  
On the opposite side, results indicated students who held naive learning beliefs in all 
three dimensions (e.g. certainty of knowledge, control of knowledge acquisition, and speed of 
knowledge acquisition) and were introduced to video + audio + text + graphics reported their 
understanding of the information was enhanced. In the video format, the instructor created the 
scene as if she were teaching in class (i.e. moving around the slides and pointing to information 
on the slides), essentially creating a virtual presence. If the instructor was pointing out specific 
concepts within the slides and reiterating the important concepts within each slide, they naive 
believers may have been able to improve their conceptual knowledge and procedural learning 
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towards D-value. Even though their study did not determine learning beliefs, Merchant and 
colleagues (2012) discovered college students were able to understand chemistry information 
after participating in an online virtual environment. College students (n=204), who had low prior 
knowledge to chemistry, were exposed to online materials that included animations, avatars, and 
text, to enhance their understanding of chemistry (i.e. conceptual knowledge). As similar to this 
study, students answered questions that appeared throughout these materials. Once they viewed 
the materials, they completed an instrument that included their perceptions about the materials. 
Results showed students’ understood the chemistry information as they answered the questions 
correctly and did not perceive the materials to be complex. The authors concluded having a 
virtual presence to guide them through the information may have been the reason they were able 
to understand this information. A study had the opposite results in that students who held naive 
beliefs in these particular dimensions had higher cognitive processes (i.e. conceptual knowledge 
and procedural learning) when exposed to information via video. Pieschl and colleagues (2014) 
conducted a study to determine the relationship between learning beliefs and perceptions of task 
difficulty. Senior high school students (n=131) initially completed the EBI (Schraw et al., 2002) 
and then were presented with biology content in a video web-based environment. This content 
was designed based on the six stages of Bloom’s revised taxonomy (i.e. remembering to create). 
After reviewing the content students were presented with multiple-choice questions to assess 
their learning types (i.e. declarative knowledge to procedural learning). They also completed an 
instrument that assessed their perceptions of the task difficulty (i.e. ability to answer the 
questions). Results showed students with sophisticated beliefs in the control of knowledge 
acquisition dimension perceived the questions that were related to declarative knowledge and 
conceptual knowledge were less difficult than procedural learning. Additionally, they were able 
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to develop schemas to solve those questions (i.e. procedural learning) correctly. Whereas the 
naive believers perceived the questions to be of the same difficulty level regardless if the 
question was considered declarative knowledge or procedural learning. These naive believers 
also did not answer the more complex questions (i.e. procedural learning) correctly. The authors 
concluded students with naive beliefs are not able to cognitively adapt to complex information, 
thus have limited abilities to understand complex information. 
Overall, the results from this question were mixed in that students with students with 
sophisticated beliefs in the certainty of knowledge, the control of knowledge acquisition, and the 
speed of knowledge acquisition dimensions reported their understanding of the information was 
enhanced in the audio format. Students who hold sophisticated beliefs in these dimensions have a 
complex view of learning in that knowledge changes, learning occurs as one ages, and learning is 
a gradual process. Students with sophisticated beliefs also tend to have higher cognitive 
processes. Students may have improved their declarative knowledge about the concepts 
presented in class, thus when presented with further online information in audio format they 
were able to understand (i.e. conceptual knowledge) and apply (i.e. procedural learning) that 
knowledge. Essentially they had higher cognitive processes towards this material. 
In contrast, students with naive beliefs in the certainty of knowledge, the control of 
knowledge acquisition, and the speed of knowledge acquisition dimensions reported their 
understanding of the information was not enhanced in the audio format. Students with naive 
beliefs in these dimensions believe knowledge is absolute, one is born intelligent, and learning is 
obtained quickly. They also tend to have lower cognitive processes. Naive believers in this study 
may have felt they already obtained the material from class, thus advanced the slides rapidly. 
This led to them not being able to effectively form schemas, consequently the reason they 
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reported their understanding was not enhanced. This was also confirmed by their low post-test 
scores. Therefore, instructors that provide additional food science-based materials in an 
asynchronous environment needs to explain the purpose of these materials, how they enhance the 
information presented in classes, and the types of learning assessed in these materials (i.e. 
conceptual knowledge and procedural learning). This may assist students with naive learning 
beliefs to form effective schemas to understand and apply information.  
Additional results showed that students with sophisticated beliefs in these dimensions 
reported their understanding of the information was not enhanced in the video format. This may 
have been due to the distraction of the instructor, thus they may not have been able to form 
schemas to improve their conceptual knowledge and procedural learning. Instructors teaching 
science-based courses should foster students who hold sophisticated beliefs when presenting 
them information in different multimedia types. For instance, instructors may need to show a clip 
of the video material during class. This may help sophisticated learning believers have a sense of 
how the material will be presented so they will be accustomed to the presence of the instructor in 
order to build schemas to cognitive process the information, this in effect will led to a better 
understanding of the information. 
In opposition, results indicated students who held naive beliefs in the certainty of 
knowledge, the control of knowledge acquisition, and the speed of learning acquisition 
dimensions reported their understanding of the information was enhanced in the video + audio + 
text + graphics format. This may have been due to the presence of the instructor. In the video the 
instructor mimicked her movements as if it were a class (i.e. moving across the slide and 
pointing to information). Students with naive beliefs in these dimensions may have needed her to 
point to information to further understand information to improve their conceptual knowledge 
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and procedural learning. Therefore, for at least the naive believers, this presentation style may be 
necessary for one to form schemas to improve their cognitive processes. 
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Limitations  
 Results from this study should be viewed with limited generalizability due to a number of 
factors. First, the food science lecture materials were provided to students within the 
asynchronous portion of the course, which was in a non-controlled environment. In this non-
controlled environment, students were able to access the food science lecture materials from 
anywhere and at any time within the boundaries of the due dates established for these materials 
(i.e. from Wednesday at 1pm to Friday at 12pm). The researcher was able to determine at what 
point the student opened and closed the food science lecture material from Compass 2g, but was 
unable to track where and what the students were doing. As prior literature indicates, students 
who multi-task perform poorer on a task and indicate higher amounts of perceived mental effort 
(Junco & Cotton, 2012; Wood et al., 2012). Thus, other factors may have impacted cognitive 
load aside from students’ learning beliefs and multimedia types.  
 Second, the sample size of the population differed from one food science lecture material 
to another. For example, in food science lecture 12 material, 303 students participated as 
opposed to only 278 students participating in food science lecture 15 material. Also, as the food 
science lecture materials progressed, there were slight modifications to the study population. For 
instance, one student participated in food science lectures 12, 15, and 27 materials, but chose not 
to take part in food science lecture 28 material. On the other hand, a student participated in food 
science lectures 15, 27, and 28 materials and chose not to take part in food science lecture 12 
material. Due to the prescribed sample size of no fewer than 255 student participants (Erdfelder 
et al., 1996), each food science lecture material was analyzed individually to avoid statistical 
errors with a smaller sample size. Treating each food science lecture material individually 
resulted in inconsistent patterns from the moderation and mediation analyses. The researcher sent 
out multiple e-mails and reminded students in class that a particular food science lecture material 
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was open. However, further measures may need to take place such as opening all the food 
science lecture materials at once so students can spend at least one hour to review them all in one 
sitting and complete the necessary tasks (i.e. post-tests and instruments). 
 Third, the instruments administered to the student participants were based on self-
reported data. There are many factors that dictate how one may respond on an instrument such as 
certain attitudes and memories and how an individual understands and interprets the information 
(Bertrand & Mullainathan, 2001). This is especially the case for the EBI. For example, in the 
certainty of knowledge dimension there are seven statements to determine if one is naive or 
sophisticated in this particular dimension. A student may have responded differently to one of 
the certainty of knowledge statements than another. For instance, a student may have reported 
they disagreed with this following statement, “The moral rules I live by apply to everyone”, but 
may have agreed with the following statement, “What is true today will be true tomorrow.” Thus, 
how they interpreted the above statements or their attitudes towards these statements led them to 
indicate two different responses on the Likert scale, even though these statements came from the 
same dimension. As Schraw and colleagues (2002) indicated in their paper, further analysis 
needs to be done with this scale. Likely further modification with these statements will have to 
be done to ensure that there are more consistent responses from statement to statement within 
one particular learning belief dimension. Additionally, students may not have completely 
understood how to interpret the differences between the numbers on a scale (Bertrand & 
Mullainathan, 2001). For example on the EBI, 1 meant strongly disagree whereas 2 meant 
disagree, but depending on how a participant defined strong would have impacted how they 
answered the question. This could be the same with the Cognitive Load Instrument (Leppink et 
al., 2013) as 1 meant completely not the case and 2 meant some of the case. Since students may 
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not have known the meaning behind completely not the case or some of the case, it may have 
resulted in inconsistent markings from the students. Hence, the researcher should provide 
explanations with not only completing the instruments, but the scale response meanings and even 
the meanings behind the statements. Finally, open-ended statements on the EBI and cognitive 
load instruments should be added to understand the rationale behind a student answering a 
statement a particular way. 
 Fourth, the post-test administration technique was a limitation. The researcher designed 
the food science lecture materials based upon the active segmenting method (Cheon et al., 2013). 
Specifically, after a certain amount of information was presented in the materials there appeared 
an icon to “take quiz now”. This method was able to assess if the students were able to 
understand and apply the information that was presented to them. However, the instructor also 
presented many of the concepts in class. Thus, some students may have already understood most 
of the information from the class and were able to easily apply that knowledge in the food 
science lecture materials.  Therefore, determining if the food science lecture materials helped one 
understand and apply the information was difficult to assess. One option is that the instructor 
does not cover the material in both the classes and the food science lecture materials, but only 
within the food science lecture materials. This would then determine if the food science lecture 
materials and the specific multimedia type helped one understand and apply the information 
within the materials. 
 Fifth, the content presented to students within the food science lecture materials were all 
based on Bloom’s second (i.e. understand) and third (i.e. apply) levels of his taxonomy. Students 
had to understand the definitions and principles of the topic and be able to apply that information 
based on the post-test questions (Bloom 1956; Clark 2010). Results may have been different if 
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the content was based on different levels of Bloom’s taxonomy. For instance, if the learning 
objectives were based upon the first level (i.e. remembering) of Bloom’s revised taxonomy in 
that students were presented with basic definitions or concepts; the results may have shown that 
students exposed to text + graphics, regardless of their learning beliefs, had reported less ECL 
compared to students exposed to other forms of multimedia (Andrade et al., 2014). Therefore, 
future research can be conducted with multimedia types, various content difficulty, students’ 
characteristics, and the impact on cognitive load.  
 The final limitation of the study was using multimedia as a mediator or moderator to the 
relationship between learning beliefs and the impact on cognitive load. Other factors may have 
had a bearing on learning beliefs and cognitive load such as demographics. Even though the 
groups were randomly arranged based on the demographics, results may have shown that gender 
had an impact on whether or not the materials enhanced or did not enhance their understanding 
of the information. Future research should be conducted with incorporating other variables into 
the multiple-regression models.  
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Implications for Researchers and Practitioners 
 There are several findings from this study that are relevant and useful for higher 
education researchers and for instructional system designs to develop and create science-based 
courses in online settings. Additionally, the findings from this study can assist instructional 
system designs to create materials in virtual workplace settings. 
For Researchers 
 The vast majority of quantitative research studies involving learning beliefs have 
assumed the validity and reliability of the factor scales obtained by the developers of the EBI. 
This study demonstrated that this assumption may not be a prudent research strategy because 
exploratory factor analysis conducted as part of the present study yielded a different factor 
structure for the instrument’s statement items. If the original confirmatory factor analysis results 
for the EBI instrument had been conclusive, then the current study’s exploratory factor and 
parallel analyses should have validated the original factor scales. This did not occur and calls 
into question the accuracy of the original factor structure for the EBI. The removed items within 
the factor structures of the EBI items resulted in slightly improved reliability. Based on the factor 
structure results obtained for the EBI items, it is advised that researchers avoid relying on 
previously obtained factor structures for their study samples but rather perform their own factor 
analyses of item responses. In this way, they can be confident about the validity and reliability of 
the statement items used in their study. On the other hand, the factor structures obtained in the 
current study for the cognitive load statement items were a closer approximation of the original 
scales proposed by the developers (i.e. Leppink et al.) of the Cognitive Load Instrument.   
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For Practitioners 
 The current study has practical implications for instructional system designs to develop 
and create courses and materials in higher education. First, the study focused on an 
undergraduate course that had an asynchronous component and results indicated audio and video 
formats enhanced students’ understanding of the information. This was shown by the averages of 
the post-test scores across the multimedia types (M = 8.6-13.3 out of 15 total points SD = 3.6-
5.2). As higher educational institutions offer more online courses, instructional system designs 
will be able to create materials in audio and video formats knowing that this format will help 
students understand information. However, these design systems need to reconsider the use of 
forced-choice format to assess if students understand the information presented in these 
materials. According to critics, the forced-choice format may be sufficient for testing surface 
knowledge such as facts but not as appropriate for assessing critical thinking such as conceptual 
knowledge or procedural learning (Little, Bjork, Bjork, & Angello, 2012; Ward & Bennett, 
2012). This is noteworthy because much of the learning beliefs research agrees that deep or 
critical learning is associated more closely with holding sophisticated ideas about learning and 
knowledge than is surface or rote memorization (Liu 2010; Schommer, 1990; Schommer-Aikins, 
2004). Therefore, to ensure that students understand the information, instructional system 
designs should build in evaluation techniques that require critical or deep learning skills. For 
example, the system design may add in writing assignments that encourage students to critically 
think about the scenario or situation presented within the material. 
 Second, the study was able to show, depending on a student’s learning beliefs, there is an 
impact on their understanding of information. Furthermore, there was a relationship between a 
student’s learning beliefs and multimedia type and the impact on how one understands the 
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information. For instance, students who held naive learning beliefs and were exposed to 
information in audio format reported their understanding of the information was not enhanced. 
Based on these results, higher education instructors may be able to modify materials that 
consider the impact learning beliefs have on students’ understanding information. For example, a 
nutrition instructor provides information about determining the amount of calories a person can 
have on a daily basis. The instructor further explains the many different ways to determine 
calories and other factors that influence how many calories a person needs on a daily basis. 
Additionally, the nutrition instructor can present a case study in which students answer 
challenging questions and the instructor follows up by having them justify their responses. For 
those students who have naive learning beliefs this way may allow these students to move from 
the naive beliefs to the sophisticated beliefs.  
  Third, the methods employed in this study can be shared with higher education 
researchers and practitioners. This study contributed to the educational research literature by 
what it revealed regarding the relationship between learning beliefs and multimedia types as 
either moderators or mediators on the impact on cognitive load within an undergraduate general 
education course with an asynchronous component. While the previous research literature argued 
that learning beliefs and cognition or multimedia and cognition are strongly related and as such 
influence if one learns, the current study has shown that the association may be more complex 
than a simple one to one relationship. For example, in the current study for the mediation results, 
in food science lecture 28 material students who held sophisticated learning beliefs when 
exposed to audio + text + graphics reported their understanding of the material was enhanced. 
Although for other food science lecture materials other findings were found. Thus, no 
consistency in the results could be found when multimedia was entered in the regression analyses 
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as either moderators or mediators. Therefore, higher education researchers could use the 
methodology to confirm this relationship between learning beliefs and multimedia types as 
moderators or mediators and the impact on cognitive load.  
 For Human Resource Development (HRD) Practitioners 
 The findings from this study can be expanded to instructional system designs to develop 
training tools in a virtual workplace. As organizations innovate and respond to changing 
environments, there is an increased amount of employees working virtually. Thus, the shift is 
now towards virtual HRD in which employers are communicating and training employees with 
the use of technological processes (Bennett, 2009; Short, 2010). Theoretically if the employees 
are older than 25 years of age or have a college degree, they will likely have sophisticated 
learning beliefs (Perry, 1999; Schommer, 1990). Therefore, based on the results from this study, 
instructional system designs can develop training videos in an online environment (i.e. virtual 
world). To determine the effectiveness of these training videos, the employees would answer 
open-ended questions based on complex scenarios and complete the Cognitive Load Instrument. 
The results from their open-ended responses and their cognitive load scores would be able to 
determine if this environment improves their germane cognitive load and allows for them to 
create schemas. Additionally, an evaluation can take place on whether or not the employees are 
applying the information from the training into their daily work routines. 
 Overall, the results from this study can assist researchers and instructional system designs in both 
higher education and workplace settings create materials that improve one’s ability to process 
information. Researchers would have a better understanding of how certain learning beliefs may also have 
an impact on being able to process complex information (Schommer, 1999; Schraw et al., 2002). 
Presumably the goal of designing course and training materials will be to improve learners’ cognitive 
processing.  
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Recommendations for Future Research 
 Conclusions drawn from the results of this study suggest there are several opportunities 
for further research.  
The Study Environment 
 First, the study took place in a blended environment in which the instructor presented 
information in classes and then introduced readings, quizzes, and additional materials 
asynchronously. Hence, the study did not take place in a true online environment. The results 
may have been different if students were only presented information asynchronously. Second, 
the study used a student population which consisted of undergraduates who were between the 
ages of 18-22 years old and were from a variety of disciplines, although the great majority of 
study participants were freshmen and non-science majors. Also, this study was done in a 
traditional University setting. Based on current statistics for online learning, the demographics 
are widely different than traditional settings (e.g. average age 30 years old, mainly females, and 
working full-time (Allen & Seaman, 2013)). Future research needs to include an equal 
proportion of age groups and disciplines from a number of Universities and Colleges. Adding 
these variables into the multiple-regression analyses will help determine other factors that impact 
cognitive load. Third, to resemble an authentic classroom setting, the students were able to view 
these food science lecture materials anywhere and at any time. As discussed in the limitations, 
this may have led to students’ multi-tasking. Thus, the results may have been inconsistent from 
lecture to lecture. Future research conducted in a non-controlled setting may include questions on 
instruments to ask where or what students were doing while viewing these materials. Or students 
will need to use their webcams or GPS on mobile devices for researchers to determine if multi-
tasking also has an impact on cognitive load.  
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Research Methodologies 
 The current study used quantitative methods to investigate the relationship between 
multimedia types designed by CTML methods and learning beliefs and the impact on cognitive 
load. However, due to the questionable reliability of the EBI, using multiple methods to 
investigate the role of learning beliefs and multimedia types may help better explain their impact 
on cognitive load within an asynchronous online setting. Learning beliefs are recognized as 
complex entities (Hofer, 2006; Schommer-Aikins, 2004) and, as such, may require a range of 
methodologies to better understand their influence on cognitive load. For example, some 
researchers have used qualitative methods that included interviewing subjects to gather rich 
descriptions to determine how one’s sophisticated or naive learning beliefs affect their behaviors 
and cognitive abilities (Liu, 2010; Mishra & Yadav, 2006). Thus, findings from both quantitative 
research methodologies based on self-reported instrument data and qualitative research strategies 
based on interviewing can help to either confirm or contradict hypotheses regarding the 
relationship between learning belief dimensions and multimedia types and their impact on 
cognitive load. A future replication of this study should include qualitative and quantitative 
techniques of data collection and analysis. 
Modeling Multimedia Types as Moderators/Mediators  
 Prior literature has argued that there is a relationship between sophisticated learning 
beliefs and higher cognitive processing, but has not considered the role of multimedia in this 
relationship. The current research showed not only there was a relationship between 
sophisticated learning beliefs and cognitive processing, but also those multimedia types, 
especially audio and video, were moderators of this relationship between sophisticated learning 
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beliefs and germane cognitive load. These significant findings between the constructs in this 
investigation have significant implications for future research.  
 First, the model needs additional testing and exploration. For example, researchers could 
investigate the variables from the current investigation relative to different types of learning (e.g. 
declarative knowledge and problem solving) (Smith & Ragan, 2005) and content level of 
complexity (e.g. remembering to create) (Anderson et al., 2001) to ensure that the identified 
relations are generalizable. Further, other instructional design theories can be used to create 
different levels of content complexity materials such as Reigeluth's revised Elaboration Theory 
(Reigeluth, 2012) or Fink’s (2007) course design model to determine if audio/video will continue 
to be a moderator to sophisticated learning believers and their positive impact on germane 
cognitive load.  
 Second, future studies should address portions of the proposed model that were not 
included in the current investigation. That is, students’ intrinsic and extrinsic motivation for 
taking this particular general education course, preferences towards a particular multimedia type, 
and characteristics associated with their learning belief dimensions in relation to multimedia 
being a moderator on germane cognitive load. Subsequent investigations could also include the 
relationship between germane cognitive load and students’ knowledge on the content. 
 Third, the relations proposed in the model need to be assessed in longitudinal 
investigations. The components of the study took place over a span of eight weeks. However, the 
EBI was administered one time before any of the food science lecture materials were made 
available. Additionally, students only had to view four food science lecture materials that were 
made available for 48 hours. To adequately assess the causal relations proposed in the model, the 
variables should be assessed over time. For instance, a study could examine multimedia as a 
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moderator to the relationship between students’ learning beliefs, and germane cognitive load 
over an entire semester. In this case students would need to review materials after each class 
instead of just four times periodically. This would be able to verify the positive impact 
multimedia as a moderator has on sophisticated learning believers and germane cognitive load. 
Conclusion 
 Understanding factors that impact cognitive load is a complex phenomenon. In this study, 
the results from moderation multiple-regression analyses showed relationships between learning 
beliefs and multimedia types and their impact on cognitive load. Additionally, at least for food 
science lecture 28 material, results from the mediation multiple regression analysis showed a 
relationship between learning beliefs and multimedia types and their impact on cognitive load 
type. Even though there were inconsistencies with results from one food science lecture material 
to another, the results show promise that multimedia types do moderate and mediate the 
relationship between students’ learning beliefs and their subsequent impact on primarily germane 
cognitive load. Furthermore, for at least this study, the results invite researchers to explore 
multimedia types, students’ characteristics (i.e., demographics, prior knowledge, and learning 
beliefs), and impact on cognitive load in further detail within various settings and using different 
methodologies to truly understand students’ cognitive processing. 
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Appendix A 
Design Checklist for the Food Science Lecture Materials  
 
Text + Graphics/ Audio with text and graphics/ Video with audio, text, and graphics: Lectures 12, 15, 27, and 28 
CTML method Design Aspect Yes No Comments 
(necessary if 
indicated no) 
Off-loading  Appropriate amount of information to explain the material (Text). 
Better transfer when words are presented as narration rather than on-screen text (Audio and Video 
Types). 
   
Segmenting Allow time between successive bite-size segments.    
Pre-training Introducing students to names and characteristics of content.    
Weeding Eliminate interesting but extraneous material to reduce processing of extraneous material     
Signaling Provide cues (e.g., lines, arrows) for how to process the material to reduce processing of extraneous 
material. 
   
Aligning Place printed words near corresponding parts of graphics to reduce need for visual scanning.    
Eliminating 
redundancy 
Avoid presenting identical streams of printed words and/or verbal words and graphics.    
Synchronizing Present printed words and/or verbal words and corresponding graphics simultaneously to minimize 
need to hold representations in memory.  
   
Individualizing Present printed words and/or verbal words and corresponding graphics in a manner in which students 
with low prior knowledge would be able to understand the subject material. 
   
Overall comments with the design of the food science materials: 
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Appendix B 
Food Science Lecture Materials’ Learning Objectives and Pre/Post-Tests  
 
Lecture 12: Water – Effects of Time and Pressure on Molecular Mobility 
 
Learning Objectives:  
Using the phase diagrams, students will be able to: 
1) Identify the phases of pure water at various pressure and temperature combinations (Bloom’s 
taxonomy – understand) 
2) Determine the impact on molecular mobility when pressure is held constant, but temperature 
is increased (Bloom’s taxonomy – apply) 
3) Determine the phase transition that occurs when temperature is held constant, but pressure is 
altered (Bloom’s taxonomy – apply) 
 
Content: 
Chemical and physical properties of water: 
a. Effects of temperature and pressure on molecular mobility 
b. Effect of pressure on the temperature at which phase transitions occur 
i. Diagram is displayed to explain what occurs when different properties are 
added to the temperature of the water (e.g. gas, liquid, steam) 
 
Pre/Post Test Questions: 
 
 
1) Using the phase diagram for pure water, which phase transition cannot occur above the triple 
point? 
a. evaporation 
b. condensation 
c. sublimation 
d. freezing 
 
2) What happens to molecular mobility as temperature increases at constant pressure? 
a. molecular mobility decreases 
b. molecular mobility remains constant 
c. molecular mobility increases 
d. molecular mobility remains constant until the super critical point is achieved  
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3) Referring to the phase diagram, increasing the pressure will increase the temperature at which 
liquid water transitions to gaseous water (i.e. the temperature at which evaporation or “boiling” 
occurs” 
a. True 
b. False 
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Lecture 15: Protein (Amino Acids) – Protein Building Blocks 
 
Learning Objectives: 
Students will be able to: 
1) Distinguish the general structure of an amino acid in acidic, neutral, and basic pH conditions 
(Bloom’s taxonomy – understand) 
2) Determine the net charge of an amino acid at different pH conditions (i.e. acidic, neutral, and 
basic pH) (Bloom’s taxonomy – apply) 
 
Content: 
General properties and chemistry of the amino acids 
a. General properties 
b. Chemistry 
 
Functionality of the amino acids 
a. Structure-function relationships 
i. Diagrams are presented to explain properties of amino acids at a basic, 
acidic, and neutral state 
 
Pre/Post test questions: 
1) At _________, an amino acid possesses as many hydrogens as it can possess, resulting in 
positively charged amine groups and neutral (i.e. 0) charged carboxyl groups. 
a. acidic pH (pH < 7) 
b. neutral pH (pH = 7) 
c. basic pH (pH > 7) 
d. the isoelectric point 
 
2) What is the net charge of the amino acid Lysine (where R=CH2-CH2-CH2-CH2-NH3) under 
basic pH conditions (i.e. pH=14) conditions? 
a. -1 
b. 0 
c. +1 
d. +2 
 
3) Cottage cheese is produced by acidifying milk, bringing the pH of the milk down to the 
isoelectric point of casein, the main milk protein that creates the cottage cheese curd. What is the 
net charge of the casein at its isoelectric point? 
a. -1 
b. 0 
c. +1 
d. +2 
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Lecture 27: Food Preservation – Freezing and Refrigeration 
 
Learning Objectives: 
Students will be able to: 
1) Use the freezing curve for a food system to identify the type of heat transfer that occurs (i.e. 
sensible heat transfer or latent heat transfer) during the refrigeration and freezing process 
(Bloom’s taxonomy – understand) 
2) Use energy removal calculations to calculate the amount of energy removed when cooling a 
specific food from its original temperature down to a specific refrigeration temperature (Bloom’s 
taxonomy – apply) 
3) Use energy removal calculations to calculate the amount of energy removed when freezing a 
specific food from its original temperature down to a specific temperature below its freezing 
point (Bloom’s taxonomy – apply) 
 
Content:  
Energy removal resulting from refrigeration and freezing 
a. Temperature vs time 
i. Energy removal calculations are showed 
 
Pre/Post test questions: 
 
1) Referring to the freezing curve that was just reviewed (and is in your notes), identify the 
type of heat that is removed in regions 1 and 3 of the freezing curve: 
a. Latent heat 
b. Sensible heat 
c. Both latent and sensible heat 
d. None of the above are true statements 
 
 
2) How much energy needs to be removed to refrigerate a 3 pound flank steak with a specific 
heat above freezing of 0.56 BTU/lb °F from 68°F to 38°F? 
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a. 50.40 BTU 
b. 52.68 BTU 
c. 69.36 BTU 
d. 23.88 BTU 
 
3) How much energy needs to be removed to freeze 3 pounds of flank steak (47% MC) with a 
specific heat above freezing of 0.56 BTU/lb °F and 0.32 BTU/lb °F below freezing from 68°F to 
-10°F (freezing point of the flank steak is 28°F). The latent heat of water is 144 BTU/lb. 
a. 201.96 BTU 
b. 260.32 BTU 
c. 289.92 BTU 
d. 306.72 BTU 
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Lecture 28: Food Preservation – Freezing and Refrigeration 
 
Learning Objectives: 
Students will be able to: 
1) Identify some physical and chemical variables that influence the D-value for microorganisms 
(Bloom’s taxonomy – understand) 
2) Calculate the processing time required for a specific microorganism given the initial microbial 
count, the final microbial count, processing temperature and the D-value (Bloom’s taxonomy – 
apply) 
3) Calculate the D-value specific microorganisms given the initial microbial count, the final 
microbial count, the total processing time, and processing temperature (Bloom’s taxonomy – 
apply) 
 
Content: 
a) Definition of D-value 
b) Properties that affect D-value of microorganisms  
c) Determining the D-value 
 i. D-value calculation is showed 
 
Pre/ Post test questions: 
1) Which of the following variables does NOT change the D-value for a specific microorganism? 
a. pH 
b. temperature 
c. viscosity (i.e. thickness) 
d. initial amount of viable pathogenic cells 
 
2) The initial microbial load of your raw material is 10. If the D-value at 240°F is 0.4 minutes, 
what is the required processing time to reduce the population down to 0.0001 microorganisms? 
a. 0.4 minutes 
b. 1.6 minutes 
c. 2.0 minutes 
d. 3.2 minutes 
 
3) When heating a food at 223°F for 32 minutes the microbial count is reduced from 1000 to 
0.00001. What is the D-value for this process? 
a. 5.5 minutes 
b. 4.0 minutes 
c. 3.5 minutes 
d. 2.0 minutes 
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Appendix C 
Student Recruitment Letter for Fall 2013/Spring 2014 FSHN 101 Students 
 
Good afternoon everyone.  My name is Jeanette Andrade and I am a doctoral student in 
the Education Policy Organization and Leadership department within the College of Education.  
As part of FSHN 101 Introduction to Food Science and Human Nutrition you are invited to 
participate in an educational research study. This study aims at determining the relationship 
between multimedia, learning beliefs and the impact they have on cognitive load. Specifically, 
this research will examine whether the exposure to different multimedia and your learning 
beliefs play a role in modulating working memory. The activities involved within this study are 
an assignment within the course, but I am asking for your consent to share your data with me. 
This will help us create material that helps you to understand the information. 
 
Epistemic Belief Inventory and Demographic Questionnaire: The epistemic belief inventory 
and demographic questionnaire will be available for you to complete within 2 weeks at 
https://illinois.edu/sb/sec/8102759. The epistemic belief inventory will determine your beliefs 
towards learning and will take approximately 10 minutes to answer the 32 statements. The scale 
is from 1 (strongly disagree) to 5 (strongly agree).  
Additionally, there will be four demographic questions to answer (gender, race, year in school, 
age, and major (science or non-science)). This information allows the researcher to understand 
the population. 
 
Group Assignments: Once you complete the epistemic belief inventory and demographic 
questionnaire, you will be placed in one of three groups: Group 1, Group 2, or Group 3. 
Depending on your group assignment, you will view the food science lecture materials via one of 
the three multimedia technologies: Group 1 PowerPoint slides with text + graphics, Group 2 
PowerPoint slides with audio + text + graphics, or Group 3 PowerPoint slides with video + audio 
+ text + graphics. 
 
Pre-tests: You will take two pre-tests: one before beginning unit 2 and one before beginning unit 
3. The pre-tests are similar to the structure for the unit 1 pre-test in which they will open up 3 
days prior to when the units begin and you will have 48 hours to complete the pre-tests before 
they close. Once you begin the pre-test you will have 25 minutes to answer the 6 questions on 
each pre-test. Please answer each question honestly and do not skip questions. 
 
Food Science Lecture Materials: You will only need to view 4 food science lecture materials in 
total, 2 from unit 2 (lectures 12 and 15) and 2 from unit 3 (lectures 27 and 28).  Each food 
science lecture material takes approximately 7 minutes to view, thus it will take you a minimum 
of 28 minutes to view all 4. These food science lecture materials will open up once Dr. Bohn 
covers that particular material 
 
Post-test Questions: Incorporated within all 4 food science lecture materials are questions to test 
your knowledge. There will be 3 questions placed throughout the food science lecture materials. 
The slides will pause and an icon will pop up that reads, “take quiz now”, so you need to click 
“take quiz now” and submit the answer. Once you do, your answers will be recorded via 
Compass 2g. You will have unlimited attempts to take these quizzes. You cannot advance or go 
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back to prior slides once you get to take quiz now icon, you have to take it. You will have 3 
minutes to answer each question 
 
Cognitive Load Instrument: Immediately after viewing each food science lecture material, you 
will be asked to fill out Leppink, Paas, Van der Vleuten, Van Gog, and Van Merrienboer’s 
(2013) cognitive load instrument evaluating the effort placed on understanding each of these 
materials.  There will be 10 statements for you to answer on a scale of 1 (not at all the case) to 5 
(completely the case). Each instrument will take approximately 10 minutes and you will be 
completing 4, one for each food science lecture material.  Thus, it will take you a minimum of 40 
minutes to complete all 4 instruments. 
 
The total time to complete this study will be less than 2 hours. 
Epistemic Belief Inventory = 10 minutes 
4 supplemental material (2 from each unit) = 28 minutes 
4 Cognitive Load Instruments (1 for each supplemental material) =  40 minutes 
 
Participation in this study is entirely voluntary and does not exclude you from attending 
FSHN 101.  Your participation in this study will NOT affect your current or future status or 
performance/grade in FSHN 101 or any other. Data collection will be confidential, but not 
anonymous, since the investigators will still have the ability to trace responses to subject 
identities, as they will need to retain the ability to contact participants at a later date. Your identity, 
however, will be anonymous to your class instructor.   
Also, results of the study will be included in academic presentations, journal articles and 
possible secondary review. No identifying information will be included in any dissemination of 
the results. 
 Does anyone have any questions at this time?  Dr. Bohn has graciously placed this in the 
announcement portion of Compass in case you would like some time to review all portions of the 
study.  Here is a form that includes the link to the consent form 
https://illinois.edu/sb/sec/6147596, so I hope you decide to take part in this exciting study!  
Thank you.     
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Consent Form for Cognitive Load Study 
Investigator: Dr. Dawn Bohn 
Co-Investigators: Dr. Wen-Hao David Huang and Jeanette Andrade 
 
Description. As part of the FSHN 101 Introduction to Food Science and Human Nutrition course 
you are invited to participate in an educational research study. This study aims at determining the 
relationship between multimedia, learning beliefs and the impact they have on cognitive load. 
Specifically, this research will examine whether the exposure to different multimedia and your 
learning beliefs play a role in modulating working memory. The activities involved within this 
study are an assignment within the course, but I am asking for your consent to share your data 
with me. This will help us create material that helps you to understand the information. The 
following paragraphs provide important information to consider before making a decision.   
 
Activities. First, this study will use virtual data collecting platforms (i.e. online surveys and 
activities within Compass 2g).  The consent form will be available for you at:  
https://illinois.edu/sb/sec/6147596.  If you choose to participate in the study, your results from 
the surveys will be included in the research study. 
 
Epistemic Belief Inventory and Demographic Questionnaire: The epistemic belief inventory 
and demographic questionnaire will be available for you to complete within 2 weeks at 
https://illinois.edu/sb/sec/8102759. The epistemic belief inventory will determine your beliefs 
towards learning and will take approximately 10 minutes to answer the 32 statements. The scale 
is from 1 (strongly disagree) to 5 (strongly agree).  
Additionally, there will be four demographic questions to answer (gender, race, year in school, 
age, and major (science or non-science)). This information allows the researcher to understand 
the population. 
 
Group Assignments: Once you complete the epistemic belief inventory and demographic 
questionnaire, you will be placed in one of three groups: Group 1, Group 2, or Group 3. 
Depending on your group assignment, you will view the food science lecture materials via one of 
the three multimedia technologies: Group 1 PowerPoint slides with text + graphics, Group 2 
PowerPoint slides with audio + text + graphics, or Group 3 PowerPoint slides with video + audio 
+ text + graphics 
 
Pre-tests: You will take two pre-tests: one before beginning unit 2 and one before beginning unit 
3. The pre-tests are similar to the structure for the unit 1 pre-test in which they will open up 3 
days prior to when the units begin and you will have 48 hours to complete the pre-tests before 
they close. Once you begin the pre-test you will have 25 minutes to answer the 6 questions on 
each pre-test. Please answer each question honestly and do not skip questions. 
 
Food Science Lecture Materials: You will only need to view 4 food science lecture materials in 
total, 2 from unit 2 (lectures 12 and 15) and 2 from unit 3 (lectures 27 and 28). Each food science 
lecture material takes approximately 7 minutes to view, thus it will take you a minimum of 28 
minutes to view all 4. These food science lecture materials will open up once Dr. Bohn covers 
that particular material. 
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Post-test Questions: Incorporated within all 4 food science lecture materials are questions to test 
your knowledge. There will be 3 questions placed throughout the food science lecture materials. 
The slides will pause and an icon will pop up that reads, “take quiz now”, so you need to click 
“take quiz now” and submit the answer. Once you do, your answers will be recorded via 
Compass 2g. You will have unlimited attempts to take these quizzes. You cannot advance or go 
back to prior slides once you get to the take quiz now icon, you have to take it. You will have 3 
minutes to answer each question. 
 
Cognitive Load Instrument: Immediately after viewing each food science lecture material, you 
will be asked to fill out Leppink, Paas, Van der Vleuten, Van Gog, and Van Merrienboer’s 
(2013) Cognitive Load Instrument evaluating the effort placed on understanding each of these 
materials.  There will be 10 statements for you to answer on a scale of 1 (not at all the case) to 5 
(completely the case). Each survey will take approximately 10 minutes and you will be 
completing 4, one for each food science lecture material.  Thus, it will take you a minimum of 40 
minutes to complete all 4 surveys 
 
The total time to complete this study will be less than 2 hours. 
Epistemic Belief Inventory = 10 minutes 
4 supplemental material (2 from each unit) = 28 minutes 
4 Cognitive Load Instruments (1 for each supplemental material) = 40 minutes 
 
Voluntariness.  Consenting to provide your information from the surveys is entirely voluntary 
and does not exclude you from attending FSHN 101or completing the activities assigned in 
FSHN 101.  Providing this information will NOT affect your current or future status or 
performance/grade in FSHN 101. This means that you can still take the course for credit with no 
consequences to you. You are free to withdraw from the research study at any time for any 
reason, without consequences. Withdrawing from the research study does not mean withdrawing 
from the course. If you opted into the study and want to withdraw from this study please send an 
Email ONLY to Mrs. Jeanette Andrade (jmevans3@illinois.edu).  Although your reasons for 
withdrawing from the study are most welcomed, you do not need to provide one.  If you want to 
drop FSHN 101, you will need to follow the procedures and rules set by the Office of the 
Registrar at the University of Illinois. Withdrawing from this course will automatically exclude 
you from this research study. 
 
Privacy and Confidentiality. Data collection will be confidential, but not anonymous, since the 
investigators will still have the ability to trace responses to subject identities, as they will need to 
retain the ability to contact participants at a later date. Your course instructor will not know who 
is or who is not participating in this research study until after final grades have been tabulated. 
All documentation of your participation and surveys will be administered online via web links. 
Your responses will be coded and will not be associated with your name.  Any publications or 
presentations of the results of this research will include information on group performances (e.g. 
mean and standard deviation) and will not identify participants.    
 
Risks and Benefits. Risks associated with this research study are the potential time to complete 
the whole study, 2 hours, and a potential breach in confidentiality.  Although alternative 
solutions to minimize the first potential risk are not available, the second risk is minimized by 
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keeping your identity and responses in a separate server (i.e., College of Education vs. ACES).  
No other known risks to you beyond those of your everyday student life are envisioned.  The 
University does not provide compensation for any injury sustained as a result of participation in 
a research study, except as required by law.  There are a few benefits for participating in this 
study. Information on your individual performance on the surveys will be available to you upon 
request. However, this information will be available to you after the end of this study.  Overall, 
the results from the aggregated experiences will assist course developers in strengthening 
instructional multimedia to address the needs of students like you, and thereby effectively 
improve learning outside the classroom. 
 
Dissemination. Results of the study will be included in academic presentations, journal articles, 
and possibly subsequent research in this particular area. No identifying information will be 
included in any dissemination of the results.  
  
Contact. You are encouraged to ask questions on this study before, during, or after your 
participation.  However, specific questions about procedures that could influence the outcome of 
the study will be deferred to the end of the experiment. Questions can be addressed to Dr. Wen-
Hao David Huang at 217-333-0807 or wdhuang@illinois.edu or Jeanette Andrade at 217-419-
2681 or jmevans3@illinois.edu.  You may also contact the IRB office at (irb@illinois.edu), for 
any questions about your rights as a human subject in research. If you live outside the local 
calling area, you may also call collect. 
 
Now if you are interested, please complete the following fields below. If you don’t want to 
continue with this study, you can close this browser at any time. 
 
I have read and understood the above consent form and voluntarily agree to participate in this 
study and I am 18 years of age or older.   
 
___ Yes 
___ No 
By writing your name and current date, you are electronically agreeing to participate in this 
research study.  
 
Name: _________________________________ 
Date: ___________________________________ 
NOTE. Please maintain this form for future reference or print it for your personal records.  
Web Activity Buttons: 
                        Next                                Close browse 
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Appendix D 
Technical Document for Food Science Lecture Materials 
1. I filled out the Epistemic Belief Inventory, why is my grade not there? 
a. Your grade will be updated after the 2 week deadline has passed 
 
2. I filled out the Cognitive Load Instrument, why is my grade not there? 
a. Your grade will be updated after you complete lecture 15 and lecture 28 food science 
lecture materials.  This will include grades from lectures 12 and 27 as well. 
b. If you took this survey after the food science lecture materials closed, the survey was 
discarded 
 
3. I don’t think my survey went through, should I do it again?  No. There are 2 things you 
need to do: 
a. Check your Illinois e-mail first.  The survey is through the University of Illinois 
system, therefore when you log in with your net id and AD password and submit the 
instrument you will receive e-mail verification that you completed the instrument.  
b. E-mail me (jmevans3@illinois.edu) to determine whether or not your instruments 
went through. This is to avoid multiple instruments being sent to me as your answers 
may change from instrument to instrument, thus we don’t know which answers you 
actually meant. 
  
4. After I clicked on the food science lecture material to view, the Compass 2g site said, 
“Text has been launched in a new window”, but I can’t find it? 
a. After Camtasia opens, the system we use to record the food science lecture materials, 
it minimizes and opens up another internet window.  If you hover over your internet 
window it will appear, you will need to click that window and it will open: 
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5. I cannot open up the food science lecture materials because the Compass 2g screen 
says, “Popup Blocked: We attempted to launch your course in a new window, but a 
popup blocker is preventing it from opening.” Please disable popup blockers for this 
site. 
a. Make sure you “always allow” pop ups for Compass 2g: 
 
 
6. I’m in group 2 or 3, but when I click the play button of the food science lecture materials 
I cannot hear anything 
a. Make sure your speakers are turned on or all the way up.  If necessary you may need 
to use headphones 
 
7. I’m using a tablet, but when I submit my answers from the post-test questions nothing 
records 
a. Do not use a tablet to take these post-tests, they are not a compatible system with 
Camtasia  
 
8. There was a glitch in the food science lecture material I was watching and it did not 
record my post-test answers 
a. Make sure you are using DSL internet 
b. Make sure you are not using a mobile device to take these post-tests 
 
9. The post-test screen blocks the material 
a. The system is set-up for us to assess your knowledge based on the material presented, 
thus you are not able to review prior information 
 
10. Only 2 post-test questions appeared in the food science lecture materials 
a. Make sure you are viewing all the way until the end of the food science lecture 
materials as a final post-test question will appear 
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11. How long is this going to take? 
a. You will need to carve out 20 minutes of your time to view each food science lecture 
material (about 7-11 minutes to view a particular food science lecture material and 3 
minutes to spend on each post-test question) 
 
12. I was not able to access the food science lecture materials/Cognitive Load Instrument 
a. The food science lecture materials and cognitive load instrument opens and closes 
within a certain time frame, so you can only access them for 48 hours 
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Appendix E 
Reminders to Complete the Food Science Lecture Materials  
 
Good afternoon, 
The Food Science Lecture ___ Material is now available in the “FOOD SCIENCE LECTURE 
MATERIALS” folder.  As with the food science lecture ___ material, you will need to complete 
the following information to obtain the maximum points of 25: 
1. View the food science lecture ____ material and take the 3 post-test questions that pop up. 
Each post-test is worth 5 points for a total of 15 points. If you do not receive the full 15 points 
the first time around, you can take the post-tests again. However, please try your best the first 
time around. 
2. Click the link to access the Cognitive Load Instrument. This link will appear AFTER you take 
the 3 post-tests from the food science lecture material. You will receive 10 points for completing 
this survey. 
Food science lecture _____ material will be available from DAY, DATE at 1pm until DAY, 
DATE at 12pm 
 
If you have any questions, please contact me at jmevans3@illinois.edu 
Have a great day, 
Jeanette 
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Appendix F 
Epistemic Belief Inventory and Demographic Questionnaire 
 
Please indicate how strongly you disagree or agree with each of the statements listed below. Please select the number that best corresponds to the strength of your belief: 
1 (strongly disagree) to 5 (strongly agree).                    
 
 1-Strongly 
disagree 
2-  
Disagree 
3- Neutral 4- 
Agree 
5- Strongly 
agree 
1. It bothers me when instructors don't tell students the answers to complicated problems.      
2. Truth means different things to different people.      
3. Students who learn things quickly are the most successful.      
4. People should always obey the law.      
5. Some people will never be smart no matter how hard they work.      
6. Absolute moral truth does not exist.      
7. Parents should teach their children all there is to know about life.      
8. Really smart students don't have to work as hard to do well in school.      
9. If a person tries too hard to understand a problem, they will most likely end up being confused.      
10. Too many theories just complicate things.      
11. The best ideas are often the most simple.      
12. People can't do too much about how smart they are.      
13. Instructors should focus on facts instead of theories.      
14. I like teachers who present several competing theories and let their students decide which is 
best. 
     
15. How well you do in school depends on how smart you are.      
16. If you don't learn something quickly, you won't ever learn it.      
17. Some people just have a knack for learning and others don't.      
18. Things are simpler than most professors would have you believe.      
19. If two people are arguing about something, at least one of them must be wrong.      
20. Children should be allowed to question their parents' authority.      
21. If you haven't understood a chapter the first time through, going back over it won't help.      
22. Science is easy to understand because it contains so many facts.      
23. The moral rules I live by apply to everyone.      
24. The more you know about a topic, the more there is to know.      
25. What is true today will be true tomorrow.      
26. Smart people are born that way.      
27. When someone in authority tells me what to do, I usually do it.      
28. People who question authority are trouble makers.      
29. Working on a problem with no quick solution is a waste of time.      
30. You can study something for years and still not really understand it.      
31. Sometimes there are no right answers to life's big problems.      
32. Some people are born with special gifts and talents.      
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Demographics 
 
For the following 4 questions, please indicate your response 
 
1) What is your gender? 
a) Male 
b) Female 
c) Prefer not to answer 
 
2) What is your race? 
a) American Indian/ Pacific Islander 
b) Asian  
c) Black, non-Hispanic 
d) Hispanic 
e) White, non-Hispanic 
f) Other 
g) Prefer not to answer 
 
3) What is your year in school? 
a) Freshman 
b) Sophomore 
c) Junior 
d) Senior 
 
4) What is your age range? 
a) 18-19 
b) 20-21 
c) 22+ 
 
5) What is your major? 
a) Science 
b) Non-Science 
c) Other ___________________________________________________ 
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Appendix G 
Cognitive Load Instrument for each Food Science Lecture Material 
For the following 10 questions, please respond to the following scale of 1 (not at all the case) to 
5 (completely the case) regarding Food Science Lecture 12 Material 
 
 1  
(not at all) 
2  
(some) 
3 
(neutral) 
4 
(most) 
5 
(completely) 
The topic discussed within the food science lecture 12 
material was very complex 
     
I felt the phase diagram explanation was very complex       
I felt the phase diagram concept was very complex       
I felt the phase diagram explanation was unclear      
I felt the phase diagram explanation, in terms of 
learning, was ineffective 
     
I felt the phase diagram explanation was full of 
unclear language 
     
The food science lecture 12 material enhanced my 
understanding of the concept 
     
The food science lecture 12 material  enhanced my 
knowledge and understanding of determining 
temperature and pressure’s effect on phase transitions 
     
The food science lecture 12 material  enhanced my 
understanding of the phase diagram 
     
The food science lecture 12 material  enhanced my 
understanding of physical properties of water 
     
 
For the following 10 questions, please respond to the following scale of 1 (not at all the case) to 
5 (completely the case) regarding Food Science Lecture 15 Material 
 
 1  
(not at all) 
2 
(some) 
3 
(neutral) 
4 
(most) 
5 
(completely) 
The topic discussed within the food science lecture 15 
material was very complex 
     
I felt the net charges of amino acids explanation was 
very complex 
     
I felt the net charges of amino acids concept was very 
complex  
     
I felt the net charges of amino acids explanation was 
unclear 
     
I felt the properties of amino acids explanation, in 
terms of learning, was ineffective 
     
I felt the properties of amino acids explanation was 
full of unclear language 
     
The food science lecture 15 material enhanced my 
understanding of the concept 
     
The food science lecture 15 material  enhanced my 
knowledge and understanding of different pH 
conditions that affect amino acid net charges 
     
The food science lecture 15 material  enhanced my 
understanding of the net charges of amino acids 
     
The food science lecture 15 material  enhanced my 
understanding of different pH conditions that affect 
amino acid net charges 
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For the following 10 questions, please respond to the following scale of 1 (not at all the case) to 
5 (completely the case) regarding Food Science Lecture 27 Material 
 
 1  
(not at all) 
2 
(some) 
3 
(neutral) 
4 
(most) 
5 
(completely) 
The topic discussed within the food science lecture 27 
material was very complex 
     
I felt the explanation of energy removal was very 
complex  
     
I felt the formulas to determine energy removal were 
very complex  
     
I felt the formulas to determine energy removal 
explanation was unclear 
     
I felt the formulas to determine energy removal, in 
terms of learning, were ineffective 
     
I felt the formulas to determine energy removal were 
full of unclear language 
     
The food science lecture 27 material enhanced my 
understanding of the concept 
     
The food science lecture 27 material  enhanced my 
knowledge and understanding of how energy is 
removed from foods 
     
The food science lecture 27 material  enhanced my 
understanding of the formulas to use to determine 
energy removal from foods 
     
The food science lecture 27 material  enhanced my 
understanding of how energy is removed from foods 
     
 
For the following 10 questions, please respond to the following scale of 1 (not at all the case) to 
5 (completely the case) regarding Food Science Lecture 28 Material 
 
 1  
(not at all) 
2 
 (some) 
3 
(neutral) 
4  
(most) 
5  
(completely)  
The topic discussed within the food science lecture 28 
material was very complex 
     
I felt the heat resistance microorganism explanation 
was very complex  
     
I felt the formula to determine microorganism death 
was very complex  
     
I felt the formula to determine microorganism death 
explanation was unclear 
     
I felt the formula to determine microorganism death, 
in terms of learning, was ineffective 
     
I felt the formula to determine microorganism death 
was full of unclear language 
     
The food science lecture 28 material enhanced my 
understanding of the concept 
     
The food science lecture 28 material  enhanced my 
knowledge and understanding of determining 
microorganism death 
     
The food science lecture 28 material  enhanced my 
understanding of the formula to determine 
microorganism death 
     
The food science lecture 28 material  enhanced my 
understanding of how microorganisms can be reduced 
in foods 
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Appendix H 
Focus Group Recruitment Letter for Fall 2013 FSHN 101 Students 
 
Dear Student, 
 
I invite you to take part in a focus group in regards to the food science lecture materials and the 
instruments that you had completed in units 2 and 3 of FSHN 101. The goal of the focus group is to 
evaluate the quality and design of the food science lecture materials and instruments to enhance the 
educational experiences of future students who complete FSHN 101.  
 
I am asking for your help to discuss your thoughts and opinions about these materials. These 
focus groups will take no more than 1 hour of your time and food will be provided at no cost to 
you. Please note the following days and times for the focus groups: 
 
Group 1 – Tuesday, November 19 from 5-6pm 
Group 2 – Wednesday, November 20 from 5-6pm 
Group 3 – Thursday, November 21 from 5-6pm 
 
Any information you share with me will be kept anonymous and confidential. Nothing you say 
will be linked to your name. Your perspectives and insights will contribute in valuable ways to 
my work. But, clearly, your participation in this focus group is wholly voluntary.  
Kindly reply to me at jmevans3@illinois.edu with the subject heading: FSHN 101 FOCUS 
GROUP (and indicate the multimedia you viewed the materials (i.e., text, audio, or video)) and 
indicate if you plan to join me. I would truly appreciate it! 
 
Best, 
Jeanette  
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Appendix I 
Focus Group Protocol 
 
Physical Setup: 
The focus group will run for 45-60 MINUTES in a private room within Bevier Hall room 
348 during the week of November 18. A graduate student in Education will run the group. 
Part 1: Introductory script (2 minutes)    
(Italicized will be read, * are questions will be asked) 
Thank you for agreeing to help me better understand your thoughts about the food 
science lecture materials and the Cognitive Load Instrument. Please note, this information is to 
help me better design the materials and instrument, so will not be shared with Dr. Bohn. 
Participating in this focus group will not have any bearing on your grade. 
Session Rules (2 minutes): 
A. Safety: The interview site is a confidential and safe space for participants to 
express and exchange ideas. 
B.  Respect: Everyone’s voice counts. Be polite when others are talking. Turn off cell 
phones and electronic devices and other such items that may be distracting to 
others. 
C. Fairness: Please raise your hand prior to answering a question, so that the 
moderator can distribute speaking time to all. 
D. Accuracy: Information given in the interview is confidential. Everyone’s 
expression is valued, so please listen carefully to questions and provide detailed 
answers. 
• Assure participants that this session and their responses are confidential, and 
there is no danger of repercussions for information shared.  
• Inform participants that the session will be recorded so that we can accurately 
express their views, and that the recording will be destroyed upon completion 
of the study  
Part 2: (40 minutes) 
Audio recording instructions (5 minutes) 
If it is okay with you, I will be audio-recording our conversation. The purpose of this is to 
allow me to record all the details you provide, and at the same time be able to carry on an 
attentive conversation with you. All your comments will remain confidential and the 
recording will be erased at the end of the data analysis. 
 
Interview script (35 minutes) 
Focusing on the food science lecture materials 
 Overall, what were your thoughts about the design of the food science lecture 
materials? 
- What did you like? 
- What did you not like? 
 What were your thoughts about the content of the food science lecture materials? 
- Was it difficult to understand? Why? 
 Do you have specific suggestions to improve the content and design within a 
particular food science lecture material (i.e., lectures 12, 15, 27 and/or 28)? 
Focusing on the Cognitive Load Instrument: 
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 Did you understand the statements on the instrument? 
 What suggestions do you have to improve the instrument? 
 
Part 3 (5 minutes) 
 Thank you for your in‐depth discussion in these areas, this was very helpful to me. We 
have a few minutes left. Do you have any further questions or reactions that you would like to 
share with me? Well, you have already given me your time and I do not want to keep you, but 
thank you again for participating, this has been very informative. If you have any questions about 
this research project you may contact me at jmevans3@illinois.edu. Do you have any questions 
for me at this time? I will be around for a while if you would like to tell me something 
individually. 
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Appendix J 
Relationship between Students’ Completion Times and Cognitive Load Scores 
 Initially, the researcher recorded the length of time that students took to view and 
complete the post-test questions within the food science lecture materials in Compass 2g. 
Compass 2g tracks the amount of time students spent on these materials as soon as students 
opened the materials until they closed the materials. One-way ANOVAs were performed to 
compare students’ means completion times from the food science lecture materials across the 
multimedia groups.   
 Food Science Lecture 12 Material 
 Results from the food science lecture 12 material indicated that there was no difference 
between students’ completion times of the food science lectures materials among the multimedia 
groups (See Table J1).  
Table J1 
 
One-Way Analysis of Variance of Students’ Completion Times within the Food Science Lecture 12 Material 
among the Multimedia Groups. Includes Means(SDs.)(n=303) 
 
Source- Multimedia Groups M(SD) df SS MS F p 
  Group 1 (TG) 12.77 (11.07) 92 10897.37 118.45 0.60 0.85 
  Group 2 (ATG) 11.79 (7.55) 79 4614.33 58.14 2.74 0.22 
  Group 3 (VATG) 10.25 (8.52) 92 6925.21 75.27 3.29 0.09 
 
 Food Science Lecture 15 Material 
 Results from the food science lecture 15 material indicated that there was no difference 
between students’ completion times of the food science lectures materials among the multimedia 
groups (See Table J2). 
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Table J2 
 
Analysis of Variance of Students’ Completion Times within Food Science Lecture 15 Material among Multimedia 
Groups. Includes Means (SD) (n=278) 
 
Source- Multimedia Groups M(SD) df SS MS F p 
  Group 1 (TG) 12.77 (11.07) 92 10897.37 118.45 0.60 0.85 
  Group 2 (ATG) 11.79 (7.55) 79 4614.33 58.41 2.74 0.22 
  Group 3 (VATG) 10.25 (8.52) 92 6925.21 75.27 3.29 0.09 
 
 Food Science Lecture 27 Material 
 Results from the food science lecture 27 material indicated that there was no difference 
between students’ completion times of the food science lectures materials among the multimedia 
groups (See Table J3). 
Table J3 
 
Analysis of Variance of Students’ Completion Times within Food Science Lecture 27 Material among Multimedia 
Groups. Includes Means (SD) (n=269) 
 
Source- Multimedia Groups M(SD) df SS MS F p 
  Group 1 (TG) 15.01 (11.41) 84 11159.43 132.85 2.39 0.26 
  Group 2 (ATG) 12.93 (9.19) 86 7382.32 85.84 1.85 0.35 
  Group 3 (VATG) 13.80 (10.50) 84 9773.80 116.36 3.85 0.15 
 
 Food Science Lecture 28 Material 
 Results from the food science lecture 28 material indicated that there was no difference 
between students’ completion times of the food science lectures materials among the multimedia 
groups (See Table J4).  
Table J4 
 
Analysis of Variance of Students’ Completion Times within Food Science Lecture 28 Material among Multimedia 
Groups. Includes Means (SD) (n=267) 
 
Source- Multimedia Groups M(SD) df SS MS F p 
  Group 1 (TG) 11.76 (12.69) 83 13738.17 165.52 4.20 0.13 
  Group 2 (ATG) 9.82 (10.66) 86 8554.12 104.32 0.29 0.99 
  Group 3 (VATG) 10.08 (8.83) 82 4665.92 56.90 0.10 1.00 
 
 Results from the one-way ANOVAs analyses suggest that students’ completion times 
were similar in each of the food science lecture materials among the multimedia groups. Thus, 
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further statistical analysis was conducted to determine the relationship between students’ 
completion times and cognitive load scores. 
Multiple Linear Regressions 
 Multiple linear regressions were run to determine the relationship between students’ 
completion times of the food science lecture materials and cognitive load scores. This was done 
as prior studies have concluded the less time a student spends on the learning task the lower his 
cognitive processes, thus resulting in poorer performance on knowledge assessments. On the 
other hand, a student that spends more time on a learning activity, his cognitive processes are 
higher, thus resulting in higher performance on knowledge assessments (Bendixen & Hartley, 
2003; McNeill et al., 2009). Multiple linear regression results from the food science lecture 
materials showed that there were relationships between students’ completion time and non-GCL 
and GCL within the multimedia groups.  
 Food Science Lecture 12 Material. In the food science lecture 12 material results 
showed that there was a positive relationship between students’ completion time and non-GCL 
scores within Group 3 (VATG), r
2
 = 0.05, F (1, 97) = 5.21, β= 0.02, se = 0.01, t = 2.28, p = 0.03. 
Essentially, students in Group 3 (VATG) who spent less time viewing the material reported the 
presentation of the food science lecture 12 material was clear and not complex. On the other 
hand, those students who spent more time viewing the material reported the presentation of food 
science lecture 12 material was unclear and complex. No other relationships were found (See 
Table J5). 
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Table J5  
 
Multiple Linear Regression between Students’ Completion Times and Cognitive Load Scores for Lecture 12 Food Science 
Material (n=303) 
 
Variables Non-GCL GCL 
 b SE t p b SE t p 
Group 1 (TG) 
(n=104) 
-0.01 0.01 -0.70 0.49 -0.01 0.01 -0.99 0.33 
Group 2 (ATG) 
(n= 96) 
0.00 0.01 0.20 0.84 0.02 0.01 1.65 0.10 
Group 3 (VATG) 
(n=103) 
0.02 0.01 2.28 0.03* 0.00 0.01 0.07 0.94 
Note. *Indicates p –value is <0.05. Non-GCL = Combined Intrinsic Cognitive Load and Extraneous Cognitive Load 
Scores, GCL = Germane Cognitive Load. TG= Text + Graphics, ATG = Audio + Text + Graphics, VATG = Video + 
Audio + Text + Graphics. 
 
 Food Science Lecture 15 Material. Based on the multiple linear regression analysis for 
the food science lecture 15 material, there were no relationships found between students’ 
completion times and cognitive load scores (See Table J6). 
Table J6  
 
Multiple Linear Regression between Students’ Completion Times and Cognitive Load Scores for Lecture 15 Food Science 
Material (n=278) 
 
Variables Non-GCL GCL 
 b SE t p b SE t p 
Group 1 (TG) 
(n=98) 
0.00 0.01 0.17 0.87 -0.01 0.01 -0.99 0.33 
Group 2 (ATG) 
(n= 82) 
-0.01 0.01 -0.96 0.34 0.02 0.01 1.65 0.10 
Group 3 (VATG) 
(n=98) 
0.00 0.01 0.13 0.89 0.00 0.01 0.07 0.94 
Note. *Indicates p –value is <0.05. Non-GCL = Combined Intrinsic Cognitive Load and Extraneous Cognitive Load 
Scores, GCL = Germane Cognitive Load. TG= Text + Graphics, ATG = Audio + Text + Graphics, VATG = Video + 
Audio + Text + Graphics. 
 
 Food Science Lecture 27 Material. Results from the food science lecture 27 material 
showed that there were negative relationships between students’ completion time and non-GCL 
scores within Group 1 (TG), r
2
 = 0.07, F (1, 87) = 6.82, β= -0.02, se = 0.01, t = -2.61, p = 0.01; 
Group 2 (ATG), r
2
 = 0.05, F (1, 89) = 4.83, β= -0.02, se = 0.01, t = -2.20, p = 0.03, and Group 3 
(VATG), r
2
 = 0.08, F (1, 90) = 7.55, β= -0.03, se = 0.01, t = -2.75, p = 0.01. Essentially, students 
who spent more time viewing the material reported the presentation of the food science lecture 
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27 material was clear and not complex. On the other hand, those students who spent less time 
viewing the material reported the presentation of food science lecture 27 material was unclear 
and complex. Additionally, results indicated that there was a positive relationship between 
students’ completion time and GCL scores within Group 2 (ATG), r2 = 0.11, F (1, 89) = 11.14, 
β= 0.04, se = 0.01, t = 3.34, p = 0.001. In other words, students who spent more time viewing the 
material reported their understanding of the food science lecture 27 material was enhanced in the 
audio format. On the other hand, students who spent less time viewing the material reported their 
understanding of the food science lecture 27 material was not enhanced in the audio format. No 
other relationships were found (See Table J7). 
Table J7  
 
Multiple Linear Regression between Students’ Completion Times and Cognitive Load Scores for Lecture 27 Food Science 
Material (n=269) 
 
Variables Non-GCL GCL 
 b SE t p b SE t p 
Group 1 (TG) 
(n=88) 
-0.02 0.01 -2.61 0.01* -0.00 0.01 -0.45 0.66 
Group 2 (ATG) 
(n= 90) 
-0.02 0.01 -2.20 0.03* 0.04 0.01 3.34 0.00* 
Group 3 (VATG) 
(n=91) 
-0.03 0.01 -2.75 0.01* 0.01 0.01 1.27 0.21 
Note. *Indicates p –value is <0.05. Non-GCL = Combined Intrinsic Cognitive Load and Extraneous Cognitive Load 
Scores, GCL = Germane Cognitive Load. TG= Text + Graphics, ATG = Audio + Text + Graphics, VATG = Video + 
Audio + Text + Graphics. 
 
 Food Science Lecture 28 Material.  In food science lecture 28 material results showed 
that there were negative relationships between students’ completion time and non-GCL scores 
within Group 1 (TG), r
2
 = 0.06, F (1, 86) = 5.08, β= -0.02, se = 0.01, t = -2.25, p = 0.03 and 
Group 2 (ATG), r
2
 = 0.08, F (1, 89) = 7.87, β= -0.02, se = 0.01, t = -2.81, p = 0.01. Essentially, 
students who spent more time viewing the material reported the presentation of the food science 
lecture 28 material was clear and not complex. On the other hand, those students who spent less 
time viewing the material reported the presentation of food science lecture 28 material was 
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unclear and complex. Additionally, results indicated that there was a positive relationship 
between students’ completion time and GCL scores within Group 2 (ATG), r2 = 0.06, F (1, 89) = 
5.37, β= 0.02, se = 0.01, t = 2.32, p = 0.02. In other words, students who spent more time 
viewing the material reported their understanding of the food science lecture 28 material was 
enhanced in the audio format. On the other hand, students who spent less time viewing the 
material reported their understanding of the food science lecture 28 material was not enhanced in 
the audio format. No other relationships were found (See Table J8). 
Table J8  
 
Multiple Linear Regression between Students’ Completion Times and Cognitive Load Scores for Lecture 28 Food Science 
Material (n=267) 
 
Variables Non-GCL GCL 
 b SE t p b SE t p 
Group 1 (TG) 
(n=88) 
-0.02 0.01 -2.25 0.03* 0.01 0.01 1.15 0.26 
Group 2 (ATG) 
(n= 90) 
-0.02 0.01 2.32 0.01* 0.02 0.01 2.32 0.02* 
Group 3 (VATG) 
(n=91) 
-0.01 0.01 -0.69 0.50 0.01 0.01 0.77 0.44 
Note. *Indicates p –value is <0.05. Non-GCL = Combined Intrinsic Cognitive Load and Extraneous Cognitive Load 
Scores, GCL = Germane Cognitive Load. TG= Text + Graphics, ATG = Audio + Text + Graphics, VATG = Video + 
Audio + Text + Graphics. 
 
 Overall, the results showed that there were relationships between students’ completion 
time of the food science lecture materials within the multimedia groups and cognitive load 
scores. In food science lecture 15 material there were no relationships seen. However, in the 
remaining food science lectures 12, 27, and 28 there were both positive and negative 
relationships between students’ completion times and non-GCL and GCL scores. In food science 
lecture 12, there was a positive relationship between students’ completion time and non-GCL 
scores within Group 3, p = 0.03. Essentially, students who spent less time viewing the material 
reported the presentation of the food science lecture 12 material was clear and not complex. On 
the other hand, those students who spent more time viewing the material reported the 
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presentation of food science lecture 12 material was unclear and complex. This was in opposition 
to the results found in food science lectures 27 and 28 materials. In these particular materials, 
negative relationships were seen with students’ completion times and non-GCL scores within 
certain multimedia groups.  In food science lecture 27 material there were negative relationships 
between students’ completion time and non-GCL scores within Group 1 (TG), p = 0.01; Group 2 
(ATG), p = 0.03, and Group 3 (VATG), p = 0.01. In food science lecture 28 material there were 
negative relationships between students’ completion time and non-GCL scores within Group 1 
(TG), p = 0.03 and Group 2 (ATG), p = 0.01. Essentially, students who spent more time viewing 
the materials reported the presentation of the food science lectures 27 and 28 materials were 
clear and not complex. On the other hand, those students who spent less time viewing the 
materials reported the presentation of food science lectures 27 and 28 materials were unclear and 
complex. 
 Additional results showed that there were positive relationships between students’ 
completion time and GCL scores in food science lectures 27 and 28 materials within Group 2 
(ATG), p = 0.001 and p = 0.02, respectively. Essentially, students who spent more time viewing 
the materials reported their understanding of the food science lectures 27 and 28 materials were 
enhanced in the audio format. On the other hand, students who spent less time viewing the 
materials reported their understanding of the food science lectures 27 and 28 materials were not 
enhanced in the audio format. 
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Appendix K 
Students’ Cognitive Load and Post-test Scores 
 The researcher sought to determine if a relationship existed between the scores from the 
Cognitive Load Instrument and post-test scores. This was necessary to understand if cognitive 
load relates or does not relate to one’s comprehension of information as limited studies were able 
to show this relationship (Leppink et al., 2013). A Spearman correlation analysis was used to 
assess the relationship among scores from the Cognitive Load Instrument and post-test scores 
amongst the three multimedia types within each of the food science lecture materials.  
Food Science Lecture 12 Material and Multimedia Groups 
 Results indicated that there was a negative relationship with students’ non-GCL scores 
and post-test scores in Group 1, r (103) = -0.22, p=0.03. On the other hand, results indicated that 
there was a positive relationship with students’ GCL scores and post-test scores in Group 1, r 
(103) = 0.24, p=0.02. In Group 2 (ATG), results showed that there was a negative relationship 
between students’ non-GCL scores and post-test scores, r (96) = -0.29, p=0.004. In Group 3 
(VATG), results indicated that there was a negative relationship between students’ non-GCL 
scores and post-test scores, r (103) = -0.26, p=0.01 (See Table K1).  
Table K1 
 
Spearman Correlation Analysis among Cognitive Load Scores and Post-Test Scores within the Multimedia Groups 
in Food Science Lecture 12 Material (n= 303) 
 
Cognitive 
Loads 
Group 1 (TG) (n=104) Group 2 (ATG) (n=96) Group 3 (VATG) (n=103) 
 r p R p r p 
Non-GCL -0.22 0.03* -0.29 0.00* -0.26 0.01* 
GCL 0.24 0.02* -0.06 0.58 0.01 0.95 
Note. *p<0.05. TG= Text and Graphics, ATG= Audio, Text, and Graphics, VATG= Video, Audio, Text, and 
Graphics. Non-GCL = Combined Scores from Intrinsic Cognitive Load and Extraneous Cognitive Load, GCL= 
Germane Cognitive Load. 
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Food Science Lecture 15 Material and Multimedia Groups 
 Results from food science lecture 15 material showed that there was a negative 
relationship between students’ non-GCL scores and post- test scores in Group 1, r (96) = -0.27, 
p=0.01. Additionally, in Group 3 (VATG) results demonstrated that there was a negative 
relationship was found between students’ non-GCL scores and post-test scores, r (85) = -0.23, 
p=0.04 (See Table K2).  
Table K2 
 
Spearman Correlation Analysis among Cognitive Load Scores and Post-Test Scores within the Multimedia Groups 
in Food Science Lecture 15 Material (n= 278) 
 
Cognitive 
Loads 
Group 1 (TG) (n=98) Group 2 (ATG) (n=82) Group 3 (VATG) (n=98) 
 r p R p r p 
Non-GCL -0.27 0.01* -0.14 0.21 -0.23 0.04* 
GCL 0.11 0.30 -0.03 0.81 0.02 0.88 
Note. *p<0.05. TG= Text and Graphics, ATG= Audio, Text, and Graphics, VATG= Video, Audio, Text, and 
Graphics.  Non-GCL = Combined Scores from Intrinsic Cognitive Load and Extraneous Cognitive Load, GCL= 
Germane Cognitive Load. 
 
Food Science Lecture 27 Material and Multimedia Groups 
 Results from Group 1 (TG) indicated that there was a negative relationship with students’ 
non-GCL scores and post-test scores, r (88) = -0.23, p=0.03. In Group 2 (ATG) results showed 
that there was a negative relationship with students’ non-GCL scores and post-test scores, r (90) 
= -0.30, p=0.004. Finally, in Group 3 (VATG) results indicated that there was a negative 
relationship with students’ non-GCL scores and post-tests scores, r (91) = -0.42, p=0.01. On the 
opposite hand, results showed that in Groups 2 (ATG) and 3 (VATG) there were positive 
relationships between students’ GCL scores and post-test scores, r (90) = 0.29, p=0.01, and, r 
(91) = 0.27, p=0.01, respectively (See Table K3).  
 
 
 239 
 
 
Table K3 
 
Spearman Correlation Analysis among Cognitive Load Scores and Post-Test Scores within the Multimedia Groups 
in Food Science Lecture 27 Material (n= 269) 
 
Cognitive 
Loads 
Group 1 (TG) (n=88) Group 2 (ATG) (n=90) Group 3 (VATG) (n=91) 
 r p R p r p 
Non-GCL -0.23 0.03* -0.30 0.00* -0.42 0.01* 
GCL 0.16 0.14 0.29 0.01* 0.27 0.01* 
Note. *p<0.05. TG= Text and Graphics, ATG= Audio, Text, and Graphics, VATG= Video, Audio, Text, and 
Graphics.  Non-GCL = Combined Scores from Intrinsic Cognitive Load and Extraneous Cognitive Load, GCL= 
Germane Cognitive Load. 
 
Food Science Lecture 28 Material and Multimedia Groups 
 For food science lecture 28 material, results showed that there were negative 
relationships with students’ non-GCL scores and post-test scores in Group 1, r (87) = -0.37, 
p=0.001. On the opposite side, results indicated that there were positive relationships were found 
with students’ GCL scores and post-tests scores in Groups 1 (TG) and 3 (VATG), r (87) = 0.24, 
p=0.02, and, r (91) = 0.21, p=0.05, respectively (See Table K4).  
Table K4 
 
Spearman Correlation Analysis among Cognitive Load Scores and Post-Test Scores within the Multimedia Groups 
in Food Science Lecture 28 Material (n= 267) 
 
Cognitive 
Loads 
Group 1 (TG) (n=87) Group 2 (ATG) (n=90) Group 3 (VATG) (n=90) 
 r p r p r p 
Non-GCL -0.37 0.00* -0.04 0.68 -0.15 0.15 
GCL 0.24 0.02* 0.10 0.33 0.21 0.046* 
Note. *p<0.05. TG= Text and Graphics, ATG= Audio, Text, and Graphics, VATG= Video, Audio, Text, and 
Graphics. Non-GCL = Combined Scores from Intrinsic Cognitive Load and Extraneous Cognitive Load, GCL= 
Germane Cognitive Load. 
 
 Overall, the results showed that there were positive correlations between post-test scores 
and GCL across multimedia groups and food science lecture materials. This indicated that 
students’ understandings of the materials were enhanced and students were able to connect the 
food science lecture material with their long-term memory. Thus, post-test scores were higher 
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among the students who reported their understanding of the material was enhanced compared to 
those who reported their understanding of the material was not enhanced. Results showed 
negative correlations between non-GCL scores and post-test scores across multimedia groups 
and food science lecture materials. This indicated that the presentation of the materials was 
unclear and complex and students were unable to connect the food science lecture material with 
their long-term memory. Thus, students who reported more non-GCL after viewing the materials 
had lower post-test scores than students who reported less non-GCL after viewing the materials. 
On the other hand, students who reported the presentation of the materials was clear and not 
complex were able to connect the food science lecture to their long-term memory. Thus, students 
who reported less non-GCL after viewing the materials had higher post-test scores than students 
who reported more non-GCL after viewing the materials.  
 
 
